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LETTER  OF  TRANSMITTAL. 


Department  op  the  Interior, 
United  States  Geological  Survey, 

Hydrooraphic  Branch, 
WashingUni^  D.  6%  April  16^  1905, 

Sir:  I  transmit  herewith  the  manuscript  of  Part  XI  of  a  series  of 
twelve  papers  which  compose  the  Report  of  Progress  of  Stream  Meas- 
urements for  the  Calendar  Year  1904.  Parts  I  to  VI  of  this  report 
contain  the  results  of  the  data  collected  in  the  territory  east  of  Mis- 
sissippi  River.  Parts  VII  to  XII  are  devoted  to  the  data  collected  in 
the  territor}^  west  of  Mississippi  River. 

The  original  data  for  this  report  were  collected  in  cooperation  with 
the  State  of  California  under  the  direction  of  J.  B.  Lippincott,  super- 
vising engineer  for  that  State.  The  field  operations  were  under  the 
immediate  direction  of  W.  B.  Clapp.  The  assembling  of  the  data  and 
their  preparation  for  publication  were  done  under  the  direction  of 
Mr.  Clapp.  The  original  manuscript  contained  all  the  data  collected 
in  California  during  1903  and  1904.  As  the  1903  data  were  published 
in  Water-Supply  Paper  No.  100,  they  have,  with  a  few  exceptions, 
been  omitted  from  this  report. 

I  request  that  this  manuscript  be  published  as  one  of  the  series  of 

Water-Supply  and  Irrigation  Papers. 

Very  respectfully, 

F.  H.  Newell, 

Hon.  Charles  D.  WAixxyrr,  Chief  Engineer. 

Director  United  States  GeoloyioaL  Svfrvey. 
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PROGRESS  REPORT  OF  STREAM  MEASUREMENTS  FOR 

THE  CALENDAR  YEAR  1904. 


By  W.  B.  Clapp. 


IKTIiODUCTION, 

The  hydrographic  work  of  the  United  States  Geological  Survey 
includes  the  collection  of  facts  concerning  and  the  study  of  conditions 
affecting  the.  behavior  of  water  from  the  time  it  reaches  the  earth  as 
rain  or  snow  until  it  joins  the  oceans  or  great  navigable  rivers.  These 
investigations  became  a  distinct  feature  of  the  work  of  the  Survey  in 
the  fall  of  1888,  when  an  instruction  camp  was  established  at  Embudo, 
N.  Mex.  Since  tha^t  date  the  work  has  been  continually  and  gradually 
extended  as  larger  funds  became  available.  The  first  distinctiye 
appropriation  for  gaging  streams  was  made  by  the  act  of  August  18, 
1894,  which  contained  an  item  of  $12,500,  '^for  gaging  the  streams 
and  determining  the  water  supply  of  the  United  States,  including  the 
investigatiAi  of  underground  currents  and  artesian  wells  in  the  arid 
and  semiarid  sections,"    (Digest  of  Appropriations  for  1895,  p.  270.) 

Since  that  time  a  similar  act  has  been  passed  each  year  and  the 
appropriations  have  gradually  increased,  as  shown  in  the  following 
ta})le: 

Annua!.  appropri/Uions  for  hydrographic  surreys. 


Year  ending  June  30 
Year  ending  June  30 
Year  ending  June  30 
Year  ending  June  30 
Year  ending  June  30 
Year  ending  June  30 
Year  ending  June  30 
Year  ending  June  30 
Year  ending  June  30 
Year  ending  June  30, 
Year  ending  June  30 
Year  ending  June  30, 


1896 $12,500 

1896 25,000 

1897 50,000 

1898 50,000 

1899 50,000 

1900 50,000 

1901 100,000 

1902 100,000 

1903 200,000 

1904 200,000 

1905 200,000 

1906 200,000 
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The  chief  feature  of  the  work  of  the  hydrographic  division  is  the 
systematic  study  of  the  flow  of  the  surface  waters  and  the  conditions 
affecting  the  same.  In  this  connection  other  information  that  may  be 
of  use  to  the  engineer  or  others  in  hydrogi'aphic  studies,  such  as  rlv^er 
profiles,  duration  and  extent  of  damage  by  floods,  water-power  data, 
etc.,  is  collected.  Furthermore,  the  work  has  been  so  directed  that 
the  information  collected  will  be  of  direct  value  in  the  commercial  and 
agricultural  development  of  the  country. 

As  a  result  of  the  increased  appropriations  since  June  30,  1902,  the 
work  has  been  largely  extended  and  thoroughly  syl^temized.  The 
various  States  have  been  grouped  into  districts,  each  of  which  is  under 
the  supervision  of  a  district  h3^drographer  who,  with  a  corps  of  assist- 
ants, devotes  his  whole  time  to  the  study  of  the  hydrographic  resources 
of  his  district. 

The  methods  used  in  the  collection  of  these  data  and  in  their  prepa- 
ration for  publication  are  given  in  detail  in  Water-Supply  Paper  No. 
94.     (H3^drographic  Manual,  U.  S.  Geol.  Survey.) 

The  general  plan  of  stream  gaging  which  has  been  developed  is  to 
obtain  eventually  data  in  regard  to  the  flow  of  all  the  important  streams 
in  the  United  States.  With  this  in  view  gaging  stations  are  estab- 
lished at  points  where  the  data  will  be  of  greatest  commercial  value. 
At  these  stations  discharge  measurements  are  taken  from  time  to  time 
at  typical  river  stages,  and  the  daily  surface  fluctuation  is  obtained  by 
means  of  gage  readings.  From  thes^>  two  factors  it  is  possible  to 
estimate  both  the  total  flow  and  its  distribution  through  the  period  of 
observation. 

The  selection  of  the  site  for  a  gaging  station  and  the  length  of  time 
the  station  is  maintained  depend  largely  upon  the  needs  of  each  local- 
ity. If  the  stream  is  to  be  used  for  water  power,  special* efforts  are 
made  to  obtain  information  concerning  the  low-water  flow.  If  water 
is  to  be  stored,  the  high  waters  are  given  special  attention.  In  all 
sections  certain  permanent  stations  are  maintained  for  general  statis- 
tical purposes  to  show  the  conditions  which  exist  through  long  periods. 
They  also  act  as  primary  stations,  and  are  used  in  connection  with 
short  series  of  measurement-s  to  determine  the  flow  in  particular  por- 
tions of  the  drainage  basin. 

Gaging  stations  are  divided  into  two  genei'al  classes;  First,  current- 
meter  stations,  and,  second,  weir  stations.  The  former  class  is  sub- 
divided as  to  location  into  bridge,  cable,  boat,  and  wading  stations. 
Fig.  1  shows  a  cable  station  with  car,  tag  line,  inclined  gage,  etc.  In 
addition  to  the  bridge,  cable,  or  boat,  the  equipment  of  a  current- 
meter  gaging  station  consists  in  a  gage  for  determining  the  daily  fluc- 
tuations of  the  water  surface,  bench  marks  to  which  the  zero  of  the 
gage  is  referred,  and  permanent  marks  on  the  bridge  or  a  tagged  line 
indicating  the  points  of  measurement.     Where  the  current  is  swift 
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some  appliance,  generally  a  st^condary  cabin,  is  necessan*  to  hold  thfl 
meter  below  the  surface. 

Ga^Dg  stations  are  generally  located  at  bridge^^,  if  the  channel  con- 
ditions are  satisfactory,  a^  from  them  the  meter  can  be  easily  manipu- 
lated, and  the  cout  of  the  equipment  ix  comparatively  Hmall.  The 
■stations  are  located  as  far  as  posNtble  at  pointn  where  the  channel  is 
.straight,  both  above  and  below  the  gaging  section,  and  where  there 
are  no  cross  currents,  backwater,  or  boils.  The  bed  of  the  stream 
should  be  as  clear  as  possible  from  large  projections  and  of  a  pei'nia- 
nent  character.  The  banks  should  be  high,  and  should  overflow  at 
high  stages  only.  At  stations  with  .shifting  beds  more  measurements 
are  made,  and  special  methods  of  computing  daily  dii-charge-s  are 
employed.  Great  care  is  taken  iu  the  selection  and  equipment  of 
gaging  stations  in  order  that  the  data  may  have  the  re(]uired  degree 
of  accuracy. 


Pio.  1.— Cable  swUon,  nhowlng  nectlon  ol  flver,  c»r,  g»KC,  eW. 

On  many  of  the  larger  rivers,  where  water  power  is  d(!\'eloped  by 
dams,  estimates  of  flow  are  obtained  by  observing  the  head  on  the 
crest  and  using  a  weir  formula.  On  the  smaller  streams  sharp-ctested 
weirs  are  in  some  cases  erected. 

The  principal  instrument  used  \■^  stream -mcasui-ement  work  is  the 
current  meter,  by  which  the  velocity  of  the  flow  of  watt-r  is  deter- 
mined. After  years  of  experience  the  Survey  hu.s  adopted  the  Price 
current  meter  for  general  work.  This  meter,  as  is  shown  on  Pi,  II, 
is  made  in  two  sizes,  known  as  the  large  and  small  Price.  The  small 
Price  has  been  largely  developed  by  the  officers  of  the  Survey,  using 
the  Price  acoustic  meter  as  a  basis. 

A  discharge  measurement  is  the  determination  of  the  quantity  of 
water  flowing  past  a  certain  point  at  a  given  time.  This  quantity  is 
the  product  of  two  factors:  (1)  The  mean  velocity,  which  is  the  func- 
tion of  the  cross  section,  surface  slope,  wetted  perimeter,  and  rough- 
ness of  bed;  (2)  the  are^,  which  depends  upon  the  permanency  of  the 
bed  and  the  fluctuations  of  the  surface,  which  govern  the  depth. 
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In  making  the  measurement  an  arbitrary  number  of  points  are  laid 
off  perpendicular  to  the  thread  of  the  stream  (see  fig.  1).  These  points 
are  usually  at  regular  intervals  varying  from  2  to  20  feet,  depending 
upon  the  size  and  conditions  of  the  stream.  The}'^  are  known  as 
measuring  points,  and  at  them  the  observed  data,  the  velocities  and 
soundings,  are  taken.  The  perpendiculars  dropped  from  the  measur- 
ing points  divide  the  gaging  section  into  strips,  and  for  each  strip  or 
pair  of  strips  the  mean  velocity,  area,  and  discharge  are  determined 
independently;  thus  conditions  existing  in  one  part  of  the  stream  are 
not  distributed  to  parts  where  they  do  not  apply. 

The  methods  of  obtaining  velocity  with  the  current  meters  which 
are  in  general  use  may  be  grouped  into  three  classes:  Single  point, 
multiple  point,  and  integration. 

The  single -point  method  consists  in  holding  the  meter  either  at  the 
depth  of  the  thread  of  mean  velocity,  or  at  an  arbitrary  depth  for 
which  the  coefficient  for  reducing  to  mean  velocity  has  been  deter- 
mined. Extensive  experiments  by  vertical  velocity -curves  show  that 
the  thread  of  mean  velocity  lies  at  from  0.5  to  0.7  of  the  total  depth. 
In  general  practice  the  thread  of  mean  velocity  is  considered  to  be  at 
0.6  depth,  and  it  is  at  this  depth  that  the  meter  is  held  in  the  majority' 
of  the  measurements,  this  being  known  as  the  six-tenth  depth  method. 
It  is  found  by  a  large  number  of  vertical  velocity-curve  measurements, 
taken  on  various  streams  and  under  various  conditions,  that  the  coeffi- 
cient for  reducing  the  velocity  obtained  at  six-tenths  depth  to  mean 
velocity  is  practically  unity,  i-anging,  in  a  series  of  910  measurements 
made  at  39  gaging  stations,  between  .94  and  1.04,  with  a  mean  for 
the  910  observations  of  1.00.  In  the  other  principal  single-point 
method  the  meter  is  held  ne^r  the  surface,  usually  1  foot  below, 
or  low  enough  to  be  out  of  the  action  of  the  wind  or  other  disturbing 
influences.  This  is  known  as  the  subsurface  method.  The  coefficient 
for  reducing  the  velocities  taken  at  the  subsurface  has  been  found 
by  repeated  experiments  with  vertical  velocity-curves  to  be  from 
.85  to  .95,  depending  upon  the  depth  of  the  stream  and  velocity  and 
channel  conditions.  This  method  is  specially  adapted  for  flood  niea.s- 
urements,  or  when  the  velocity  is  so  great  that  the  meter  can  not  be 
kept  at  0.6  depth. 

The  three  principal  multiple- point  methods  in  general  use  are:  The 
vertical  velocity-curve;  top  and  bottom;  and  top,  bottom,  and  mid 
depth.  In  the  vertical  velocity-curve  method  a  series  of  velocity 
determinations  are  taken  in  the  vertical  at  regular  intervals,  usually 
from  0.5  to  1  foot  apart.  By  platting  these  velocities  as  abscissas  and 
their  depths  as  ordinates,  and  drawing  a  smooth  curve  through  these 
points,  the  vertical  velocity-curve  is  produced,  which  shows  the 
change  in  velocity  from  the  surface  to  the  bottom  of  the  stream.  The 
mean  velocit}'  in  the  vertical  is  then  obtained  by  dividing  the  depth 


cxAPF.]  INTRODUCTION.  13 

into  the  area  bounded  by  this  mean  velocity -curve  and  the  initial  line. 
Owing  to  the  length  of  time  it  takes  to  make  the-se  measurements  they 
are  seldom  used  except  for  determining  coeflScients  for  purix)8es  of 
comparison  and  for  measurements  under  ice. 

In  the  second  multiple-point  method  the  meter  is  held  from  0.5  to  1 
foot  below  the  surface  and  about  0.5  foot  above  the  bottom,  and  the 
mean  of  the  velocities  at  these  two  points  is  taken  as  the  mean  velocity 
for  that  vertical.  This  method  is  not  well  adapted  for  general  work, 
as  the  roughness  of  the  bottom  disturbs  the  velocity  at  that  point. 
For  shallow  streams  with  comparatively  smooth  beds  good  results  are 
obtained  by  this  method.  In  the  third  multiple-point  method  the 
meter  is  held  at  mid  depth,  0.5  foot  below  the  surface,  and  0.5  foot 
above  the  bottom,  and  the  mean  velocity  is  determined  by  dividing  the 
sum  of  the  top  velocity,  twice  the  mid-depth  velocity,  and  the  bottom 
velocity  by  4. 

The  vertical-integration  method  consists  in  moving  the  meter  at  a 
slow,  uniform  speed  from  the  surface  to  the  bottom  and  back  again  to 
the  surface.  The  number  of  revolutions  and  the  time  taken  in  the 
operation  is  noted,  and  the  mean  velocity  is  found  by  dividing  the 
number  of  revolutions  b}'  the  number  of  seconds  taken  in  the  run. 
This  method  has  the  advantage,  in  that  the  vclocit}^  at  each  point  of 
the  vertical  is  measured  twice.  It  is  well  adapted  for  measurements 
under  ice  and  as  a  check  on  the  point  methods. 

The  area,  which  is  the  other  factor  for  determining  the  discharge  of 
the  stream,  depends  upon  the  stage  of  the  river,  which  is  taken  on  a 
gage,  and  the  general  contour  of  the  bed  of  the  stream,  which  is  found 
by  sounding.  .  The  soundings  ai*e  usually  taken  at  each  measuring 
point  at  the  time  of  the  discharge  measurement,  either  by  using  the 
meter  and  cable  or  by  a  special  sounding  line  or  rod.  For  stations 
with  permanent  beds  standard  cross  sections  are  usually  taken  during 
low  water.  These  sections  serve  to  check  the  soundings  which  are  taken 
at  the  time  of  the  measurements^  and  from  them  any  change  which 
may  have  taken  place  in  the  l)ed  of  the  stream  can  be  detected.  They 
are  also  used  for  obtaining  the  area  for  use  in  high -water  measurement 
computations,  as  accurate  soundings  are  hard  to  obtjiin  at  high  stages. 

In  computing  the  discharge  measurements  from  the  observed  veloci- 
ties and  depths  at  the  various  points  of  measurements  the  measuring 
section  is  divided  into  elementary  strips,  as  shown  in  tig.  1,  and  the 
mean  velocity,  area,  and  discharge  are  determined  separately  for  either 
a  single  or  double  strip.  The  total  discharge  and  area  are  the  sums 
of  those  for  the  various  strips,  and  the  mean  velocity  is  obtained  by 
dividing  the  total  discharge  by  the  total  area. 

The  volume  of  water  flowing  in  a  stream  is  known  as  run-off.  In 
expressing  it  various  units  are  used,  depending  upon  the  kind  of  work 
for  which  the  data  are  needed.    Those  used  in  this  report  are  ''second- 
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(eet,^^  *'acre-feet,^^  "run-off  per  square  inile,"  and  '* run-oft  in  depth 
In  inches,'^  and  may  be  defined  as  follows: 

"Second- foot""  is  an  abbreviation  for  cubic  foot  pei*  second,  and  is 
the  body  of  water  flowing  In  a  stl*ean[i  1  foot  wide,  1  foot  deep,  at  A 
rate  of  1  foot  per  second. 

The  "  acre- f oof  is  the  Unit  of  capacity  used  in  connection  with  stor- 
age for  irrigation  work,  and  is  equivalent  to  43,560  cubic  feet.  It  is  the 
quantity  required  to  cover  an  acre  to  a  depth  of  1  foot.  There  is  a 
convenient  relation  between  the  second-foot  and  the  acre-foot;  1 
second- foot  flowing  for  twenty-four  hours  will  deliver  86,i00  cubic 
feet,  which  equals  1.9835  acre-feet,  or,  approximately,  2  acre-feet. 

The  expression  "second-feet  per  square  mile"  means  the  average 
number  of  cubic  feet  of  water  flowing  each  second  from  every  square 
mile  of  drainage  area  on  the  assumption  that  the  run-off  is  uniformly 
distributed. 

"Depth  in  inches"  means  the  depth  of  water  in  inches  that  would 
have  covered  the  drainage  area,  uniformly  distributed,  if  all  the  water 
could  have  accumulated  on  the  surface.  This  quantity  is  used  for 
comparing  run-off  with  rainfall,  which  quantity  is  usually  given  in 
depth  in  inches. 

It  should  be  noticed  that  "acre-feet"  and  "depth  in  inches"  repre- 
sent the  actual  quantities  of  water  which  are  produced  during  the 
periods  in  question,  while  "second- feet,"  on  the  contrary,  is  merely 
a  rate  of  flow  per  second. 

The  base  data  for  computing  the  daily  discharge  of  a  stream  are  the 
daily  gage  heights  and  the  various  discharge  measurements,  of  which 
there  should  be  sufficient  number  to  cover  the  range  of  stage.  The 
fundamental  laws  upon  which  these  computations  are  based  are  the 
following: 

(1)  The  discharge  will  remain  constant  so  long  as  the  conditions  at 
or  near  the  gaging  station  remain  constant; 

(2)  Neglecting  the  change  of  slope  due  to  the  rise  and  fall  of  the 
stream,  the  discharge  will  be  the  same  whenever  the  stream  is  at  a 
given  stage;  and 

(3)  The  discharge  is  both  a  function  of,  and  increases  gradually 
with,  the  gage  heights.     (2  and  3  depend  on  1.) 

As  the  beds  of  many*  streams  are  changeable,  the  problem  divides 
itself  into  two  classes;  (1)  Those  of  streams  with  permanent,  or  prac- 
tically permanent,  beds,  and  (2)  those  of  streams  with  changeable  beds. 
The  base  data  and  methods  of  obtaining  them  are  the  same  for  either 
class,  and  it  is  only  in  the  computation  of  the  mean  daily  flow  that 
different  methods  are  necessary. 

In  determining  the  daily  discharge  of  streams  with  permanent  beds 
the  results  of  the  discharge  measurements  are  plotted  on  cross-section 
paper,  with  gage  heights  as  ordinates  and  discharges  as  abscissas. 
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Throtigh  these  points  a  smooth  curve  is  drawn,  which  shows  the  dis- 
charge for  any  gage  height,  and  from  which  a  rating  table  is  prepared. 
Aside  from  plotting  the  discharge,  the  mean  velocity  and  area  deter- 
mined for  each  discharge  measurement  are  plotted.  Through  these 
points  the  curves  of  mean  velocity  and  of  area  are  drawn,  and  the 
rating  curve  is  largely  determined  by  taking  the  product  of  the  mean 
velocity  and  the  area  at  various  stages  as  determined  by  these  curves. 
These  curves  of  me^n  velocity'  and  area  are  of  special  value  to  determine 
the  location  of  the  rating  curve  for  stages  at  which  actual  discharge 
measurements  are  not  available  and  for  extending  the  discharge  curve 
outride  the  limits  of  the  measurements.  In  the  preparation  of  the  rating 
table  the  discharge  for  each  tenth  or  half  tenth  on  the  gage  is  found 
from  the  curve.  The  first  and  second  differences  of  these  discharges 
are  then  taken  and  adjusted  according  to  the  law  that  the}^  shall  either 
be  constant  or  increasing,  never  decreasing.  The  discharges  in  the 
table  are  then  changed  in  accordance  with  these  adjusted  differences. 
In  making  up  the  station-i-ating  curve  the  individual  discharge  meas- 
urements and  the  conditions  under  which  the}-  were  taken  are  carefully 
studied  in  order  that  proper  weight  shall  be  given  to  each  measure- 
ment. Rating  curves  in  general  take  the  fonn  of  a  pambola,  and  as  a 
rule  the  high-water  portion  of  the  curve  approaches  a  straight  line. 
For  stations  of  permanent  character  the  results  of  the  measurements 
from  3^ear  to  year  should  be  within  5  p<M*  cent  of  the  curve,  with  the 
exception  of  those  taken  during  high  water,  when  the  probable  error 
may  be  as  high  as  10  per  cent. 

The  determination  of  the  daily  discharge  of  streams  with  change- 
able beds  is  difficult,  and  unless  frequent  discharge  measurements 
are  made  the  results  obtained  are  only  roughly  approximate.  For 
streams  with  continually  shifting  beds,  such  as  Colorado  River  and  the 
Rio  Grande,  discharge  measurements  are  made  every  two  or  three  days, 
and  the  discharges  for  the  intervening  days  are  obtained  by  interpola- 
tion, modified  by  the  gage  heights  for  these  days.  For  stations  with 
beds  which  shift  slowly,  or  are  only  materially  changed  during  floods, 
station-i-ating  curves  and  tables  can  be  prepared  for  the  periods  between 
changes,  and  satisfactory  results  can  be  obtained  with  two  or  three 
measurements  a  month,  providing  measurements  are  taken  soon  after 
the  changes  take  place. 

In  detennining  the  flow  for  periods  when  the  streams  are  frozen, 
special  rating  curves  and  tables  have  to  l)e  prepared  from  measure- 
ments taken  under  these  conditions.  The  methods  of  constructing 
these  curves  and  tables  are  the  same  as  for  open  sections.  The  dis- 
charge measurements,  however,  are  either  taken  by  integration  in 
verticals  or  by  the  vertical  velocity-curve  method,  as  sufficient  experi- 
ments have  not  been  made  on  ice-covered  streams  to  determine  the 
laws  which  govern  the  position  of  the  thread  of  mean  velocity. 
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The  Report  of  Progress  of  Stream  Measurements  for  the  Calendar 
Year  1904:,  of  which  this  is  Part  XI,  is  published  in  a  series  of  twelve 
Water-Supply  Papers,  Nos.  124-135,  inclusive,  under  the  following 
subtitles: 

Part  1.  Atlantic  coast  of  New  England  drainage. 

Part  2.  Hudson,  Passaic,  Raritan,  and  Delaware  River  draina^res. 

Part  3.  Susquehanna,  Patapsco,  Potomac,  James,  Roanoke,  Cape  Fear,  and  Yadkin 
River  drainages. 

Part  4.  Santee,  Savannah,  Ogeechee,  Altamaha  Rivers,  and  Eastern  Gulf  of  Mexioj 
drainages. 

Part  5.  Eastern  Mississippi  River  drainage. 

Part  6.  Great  Lakes  and  St.  Lawrence  River  drainage. 

Part  7.  Hudson  Bay,  Minnesota,  Wapsipinicon,  Iowa,  Des  Moines,  and  Missouri 
River  drainages. 

Part  8.  Platte,  Kansas,  Meramec,  Arkansas,  and  Red  River  drainages. 

Part  9.  Western  Gulf  of  Mexico  drainage. 

Part  10.  Colorado  River  and  the  Great  Basin  drainage. 

Part  11.  The  Great  Basin  and  Pacific  Ocean  drainages  in  California. 

Part  12.  Columbia  River  and  Puget  Sound  drainage. 

The  territory  covered  by  each  paper  is  ^iven  in  the  subtitle,  and  the 
larger  drainages  are,  for  convenience  in  arrangement,  subdivided  into 
smaller  ones,  under  which  the  data  are  arranged,  as  far  as  practicable, 
geographically. 

These  papers  contain  the  data  that  have  been  collected  at  the  regular 
gaging  stations,  the  results  of  the  computations  based  upon  the  ob.ser- 
vations,  and  such  other  information  that  has  been  collected  that  lias  a 
direct  bearing  on  these  data  including,  as  far  as  practicable,  descrip- 
tions of  the  drainage  areas  and  the  streams  draining  them. 

For  each  regular  station  are  given,  as  far  as  available,  the  following 
data: 

1.  Description  of  station. 

2.  List  of  discharge  measurements.  ' 
8.  Gage-height  table. 

4.  Rating  table. 

5.  Table  of  estimated  monthly  and  vearlv  discharges  and  run-off. 
The  descriptions  of  stations  give,  as  far  as  possible,  such  general 

facts  alnnit  the  locality  and  e(iui()ment  as  would  enable  the  reader  t4) 
find  the  station  and  use  the  same.  They  also  give,  as  far  as  possible, 
a  complete  history  of  all  the  changes  that  have  occurred  since  the 
establishment  of  the  station  that  would  be  factors  in  using  the  data 
collected. 

The  discharge-measurement  table  gives  the  results  of  the  discharge 
measurements  made  during  the  year.  This  includes  the  date,  the 
hydrographer's  name,  the  gage  height,  and  the  discharge  in  second- 
feet.  The  table  of  daily  gage  heights  gives  for  each  day  the  mean 
height  of  the  surface  of  the  river  as  found  from  the  mean  of  the  gage 
readings  taken  on  that  day.  At  most  of  tbo  stations  thQ  ^^'^  is  read 
in  the  morning  and  in  the  evening. 
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The  rating  table  gives  discharges  in  second-feet  corresponding  to 
each  stage  of  the  river  as  given  by  the  gage  heights. 

In  the  table  of  estimated  run-off  the  column  headed  "Maximum'' 
gives  the  mean  flow  for  the  day  when  the  mean  gage  height  was  the 
highest,  and  it  is  the  flow  as  given  in  the  rating  table  for  that  mean 
gage  height.  As  the  gage  height  is  the  mean  for  the  day,  there  might 
have  been  short  periods  when  the  water  was  higher  and  the  correspond- 
ing discharge  larger  than  given  in  this  column.  Likewise  in  the  col- 
umn of  "Minimum"  the  quantity  given  is  the  mean  flow  for  the  day 
when  the  mean  gage  height  was  lowest.  The  column  headed  "Mean" 
gives  the  average  flow  for  each  second  during  the  month.  Upon  this 
mean  the  computations  for  the  three  remaining  columns  which  are 
defined  on  page  14  are  based. 

The  results  of  stream  measurements  made  during  previous  years  by 
the  United  States  Geological  Survey  can  be  found  in  the  following 
Sui-vey  publications.  A  detailed  index  of  these  reports  (1888-1903)  is 
given  in  Water-Supply  Paper  No.  111). 

1888.  Tenth  Annual  Report,  Part  II. 

1889.  Eleventh  Annual  Report,  Part  II. 

1890.  Twelfth  Annual  Report,  Part  II. 

1891.  Thirteenth  Annual  Report,  Part  III. 

1892.  Fourteenth  Annual  Report,  Part  II. 

1893.  Bulletin  No.  131. 

1894.  Bulletin  No.  131,  and  Sixteenth  Annual  Report,  Part  II. 

1895.  Bulletin  No.  140,  and  Seventeenth  Annual  Report,  Part  II. 

1896.  Water-Supply  Paper  No.  11;  Eighteenth  Annual  Report,  Part  IV. 

1897.  Water-Supply  Papers  Nos.  15  and  16;  Nineteenth  Annual  Report,  Part  IV. 

1898.  Water-Supply  Pai>erH  Noe.  27  and  28;  Twentieth  Annual  Report,  Part  IV. 

1899.  Water-Supply  Papers  Nos.  35  to  39,  inclusive;  Twenty-first  Annual  Report, 

Part  IV. 

1900.  Water-Supply  Papers,  Nos.  47  to  52,  inclusive;  Twenty-second  Annual  Re|>ort, 

Part  IV. 

1901.  East  of  Mississippi  River,  Water-Snpply  Papers  Nqs.  ^5  and  75.     West  of 

Mississippi  River,  Water-Supply  Papers  Nos.  66  and  75, 

1902.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  82  and  H3,     Wpst  of 

Mississippi  River,  Water-Supply  Papers  Nos.  84  and  85. 

1903.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  97  and  98,     West  of 

Mississippi  River,  Water-Supply  Papers  Nos.  99  and  100. 
J904.  £ast  of  Mississippi  River,  Wjiter-Supply  Papers  Nos,  124  to  129,  inclusive, 
West  of  Mississippi  River,  WaterrSupply  Papers  Nqs.  130  to  135,  incUlsive, 

A  limited  number  of  these  are  for  free  distribution,  and  as  long  as 
the  supply  lasts  the  same  may  be  obtained  by  application  to  the  Director, 
Untted  States  Geological  Survey.  Aside  from  these,  other  copies  are 
tiled  with  the  Superintendent  of  Public  Documents,  Washington,  D.  C, 
from  whom  they  may  be  had  at  prices  little  above  cost.  Copies  of 
Government  publications  are,  as  a  rule,  furnished  to  the  public  libraries 
in  our  large  cities,  where  they  may  be  consulted  by  those  interested. 
JRR  13^—05 — '% 
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COOPERATION  AND  ACKNOWIjBDGMENTS. 

Most  of  the  measurements  presented  in  this  paper  have  been  obtained 
through  local  hydrographers.  Acknowledgment  is  due  to  each  of 
these  persons,  and  thanks  are  extended  to  other  persons  and  corpora- 
tions who  have  assisted  local  hydrographers  or  have  cooperated  in  any 
way,  either  by  furnishing  records  of  the  height  of  water  or  by  assist- 
ing in  transportation. 

The  hydrographic  work  of  the  United  States  Geological  Survey  in 
California  has  been  carried  on  in  cooperation  with  the  State,  in  accord- 
ance with  an  act  of  the  State  legislature  approved  March  16,  1903, 
which  is  in  substance  as  follows: 

The  State  board  of  examiners  are  hereby  empowered  to  enter  into  contracts  with 
the  Director  of  the  United  States  Geological  Survey  for  the  purpose  of  making  topo- 
graphic maps,  to  the  extent  of  twenty  thousand  dollars;  also  for  the  purpose  of 
gaging  streams,  surveying  reservoir  sites  and  canal  locations,  for  the  conservation 
and  utilization  of  the  flood  of  storm  waters  of  the  State  to  the  extent  of  fifteen  thou- 
sand dollars,  etc. 

The  State  board  of  examiners  is  composed  of  the  following  mem- 
bers, viz:  George  C.  Pardee,  governor;  C.  F.  Curry,  secretary  of 
State;  U.  S.  Webb,  attorney-general. 

Although  the  portion  of  the  new  bill  referring  to  hydrographic 
work  provides  for  making  surveys  of  reservoir  sites  and  canal  loca- 
tions none  of  the  State  money  has  been  expended  for  this  purpose;  the 
Geological  Survey"  has  made  these  investigations  on  Puta  Creek,  Sac- 
ramento River,  Pit  River  and  tributaries,  Owens  River,  and  Colorado 
River,  and  hjis  paid  the  entire  expense  from  its  own  funds. 

The  State  appropriation,  $7,500  of  which  became  available  July  1, 
1903,  has  been  used  exclusively  for  gathering  general  stream -flow  data; 
the  Survey  also  apportioned  $10,400  for  the  same  purpose  for  the  fiscal 
year  beginning  July  1,  1903.  At  this  time  28  gaging  stations  were 
being  maintained  in  California;  other  stations  were  added,  and  on 
December  31,  1904,  72  stations  were  being  maintained.  The  data 
being  accumulated  for  each  of  these  stations  have  a  specific  value  in 
connection  with  the  future  development  of  tlie  resources  of  the  State. 
The  information  will  be  invaluable  in  designing  and  making  estimates 
of  cost  for  storage,  irrigation,  power  and  drainage  works,  and  for  use 
in  litigation. 

The  work  in  California  is  under  the  direction  of  Supervising  Engi- 
neer J.  B.  Lippincott,"  assisted  by  Hydrographers  Samuel  G.  Bennett 
and  W.  B.  Clapp.  Acknowledgments  are  also  due  to  the  following 
individuals  and  corporations  for  assistance  rendered  and  data  furnished: 
To  J.  C.  Pierson,  city  surveyor  of  Sacramento,  Cal.,  for  river  stage 
and  turbidity  records  of  Sacramento  River  at  Sacramenta  for  1904; 

a  The  oftice  ol  the  supervising  engineer  1m  l]0»  Braly  Building,  Los  Angeles,  CaL 
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to  the  Kern  County  Land  Company,  through  A.  K.  Warren,  engineer 
in  charge  of  water  measurements,  for  the  record  of  Kern  River;  to 
the  McCloud  River  Power  Company  for  river  stage  records  during 
1903  of  McCloud  River  at  Johns  Camp;  to  the  city  of  Santa  Barbara 
for  cooperation  in  gaging  Santa  Ynez  River  and  Mono  Creek;  to  the 
Southern  Pacific  Company  through  its  chief  engineer,  William  Hood, 
for  river  stage  records  of  San  Joaquin  River  at  Herndon  and  King 
River  at  Kingsburg,  CaL,  and  for  transportation  furnished  the  super- 
vising engineer  and  assistants^  and  to  the  officials  of  the  Santa  Fe  route 
for  transportation  furnished  to  the  supervising  engineer  and  assistants. 

CX>IX>RAI>0  RIVER  DRAINAGE  BASIN. 

Topographically  considered,  this  is  the  largest  h3'drographic  basin 
lying  wholly  within  the  arid  region,  having  a  total  area  above  the 
town  of  Yuma,  Ariz.,  of  over  225,000  square  miles.  It  is  situated  in 
Wyoming,  Utah,  Colorado,  Arizona,  New  Mexico,  Nevada,  and  Cali- 
fornia, but  the  principal  water  supply  comes  from  the  melting  snows 
of  the  high  mountains  of  Wyoming.  Utah,  and  Colorado.  The  mini- 
mum flow  is  less  than  3,000  second- feet.  The  maximum  reaches  more 
than  75,000  second-feet.  This  stream  has  been  called  the  Nile  of 
America.  Like  the  Nile,  the  Colorado  is  subject  to  an  annual  summer 
rise,  which  comes  at  a  time  when  it  is  most  needful  for  irrigation. 
Its  waters  carry  a  large  amount  of  sediment,  reaching  as  high  as  2,000 
parts  of  sediment  to  100,000  parts  of  water.  The  minimum  amount  is 
carried  during  the  winter  months,  and  probably  is  never  less  than  60 
parts  of  sediment  to  100,000  parts  of  water. 

Prof.  R.  H.  Forbes,  in  Bulletin  No.  44,  University  of  Arizona 
agricultural  experiment  station,  says: 

On  the  basis  of  the  profile  constructed  from  available  data  for  tlie  volume  of  flow 
of  the  Colorado  and  of  the  year's  silt  determinations  made  in  this  laboratory,  it  is 
estimated  conservatively  that  the  river  during  1900  brought  down  about  61,000,000 
tons  of  sedimentary  material,  which,  condensed  to  the  form  of  solid  rock,  is  enough 
to  cover  26.4  square  miles  1  foot  deep,  or  to  make  53  square  miles  of  dry,  alluvial 
soil  1  foot  deep,  or  to  make  about  164  square  miles  of  recently  settled,  submerged 
mud  1  foot  deep,  reckoning  the  whole  amount  of  mud  for  the  year  to  average  6.2 
times  the  bulk  of  the  solid  sediment. 

A  comparatively  small  amount  of  land  is  irrigated  by  the  waters  of 
Colorado  River,  owing  to  the  fact  that  the  maiq  stream  and  both  of 
its  tributaries  are  situated  so  far  below  the  level  of  the  irrigable  lands 
as  to  render  their  diversion  extremely  difficult  or  impracticable. 

There  are  two  pumping  plants  that  lift  water  for  irrigation  at  Yuma 
and  several  at  other  points  on  the  river  above  Yuma.  The  Imperial 
canal  diverts  water  at  a  point  on  the  right  bank  of  the  river  10  miles, 
by  river,  below  Yuma. 

During  December,  1901,  and  January,  1902,  a  reconnaissance  of 
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Colorado  River  aud  Valley  was  made  from  The  Needles  and  Yuma  by 
J.  B.  Lippincott  and  others.  In  October,  1902,  a  reconnaissance  was 
made  by  Mr.  Lippincott,  beginning  at  a  point  called  Greggs  Ferry, 
Mohave  County,  Ariz.,  and  extending  to  The  Needles,  Cal. 

Numerous  dam  and  reservoir  sites  and  diversion  points  for  canals 
were  discovered,  together  with  large  tracts  of  fertile  land  capable  of 
being  irrigated.  In  November,  1902,  extensive  topographic,  soil,  and 
hydrographic  surveys  were  begun  in  the  Colorado  River  Valley  by  the 
Reclamation  Service  of  the  United  States  Geological  Survey. 

The  following  is  a  list  of  the  stations  in  the  lower  portion  of  Colo- 
rado River  drainage  basin:  Colorado  River  at  Yuma,  Ariz. ;  Gila  River 
at  Yuma,  Ariz. ;  Gila  River  at  Gila  City,  Ariz. ;  Imperial  canal  at  head- 
ing near  Yuma,  Ariz. ;  canals  entering  Imperial  Valley;  Colorado  River 
at  Bulls  Head,  Ariz. 

COLORADO    RIVER   AT   YUMA,  ARIZ. 

This  station  is  located  in  the  town  of  Yuma,  Ariz.,  li  miles  below 
the  mouth  of  Gila  River,  and  10  miles,  by  river,  above  the  Mexican 
boundary.  Records  of  the  river  height  have  been  kept  by  the  South- 
ern Pacific  Railway  Company  since  April  1,  1878,  on  the  gage  which 
was  established  by  Arthur  Brown,  superintendent  of  the  bridge  and 
building  department  of  the  Southern  Pacific  Railway  Company,  during 
the  summer  of  1876.  The  lower  section  of  the  rod,  reading  from  10 
to  22  feet,  is  nailed  to  the  pile  protection  on  the  right  bank  of  the 
Southern  Pacific  Railway  bridge.  The  upper  section,  reading  above 
22  feet,  is  fastened  on  the  lower  side  of  the  first  bridge  pier  from  the 
left  bank.  This  gage  height,  plus  100  feet,  is  the  Southern  Pacific 
elevation  above  the  sea  level.  At  a  later  date  the  Southern  Pacific 
Railway  Company  established  a  vertical  gage  rod  (the  old  rod  still 
remaining),  fastened  to  the  pile  protection  on  the  left  bank  of  the 
river  just  below  the  railway  bridge.  This  gage  has  been  used  con- 
tinuously since  it  wa^  established  (date  unknown)  and  is  the  one  used 
by  the  United  States  Geological  Surv^e}-  at  present.  It  corresponds 
in  elevation  to  the  old  gage  established  in  1876.  The  gage  is  read 
twice  a  day  by  W.  D.  Smith,  who  is  employed  as  local  hydrographer 
for  the  stations  in  this  vicinity. 

Discharge  measurements  are  made  by  means  of  a  f -inch  cable  sup- 
ported on  masts.  At  low  water  measurements  are  made  from  a  boat 
held  in  place  by  a  cable.  A  car  is  used  at  flood  stages.  The  initial 
point  for  soundings  is  the  cable  support  on  the  south  bank,  about  20 
feet  from  the  water's  edge  at  high  water.  The  cable  has  a  span  of 
650  feet.  At  low  water  the  channel  has  a  width  of  325  feet.  During 
floods  a  large  part  of  the  water  flows  through  an  old  channel  and 
does  not  pass  under  the  cable.  It  is  measured  at  the  point  where  it 
passes  under  the  railway  trestle.     The  channel  of  the  main  river  is 
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straight  for  600  feet  above  and  5,000  feet  below  the  station.  The  cur- 
rent is  swift  and  the  gaging  .section  regular.  The  right  bank  is  low, 
wooded,  and  liable  to  overflow.  The  left  bank  is  not  subject  to  over- 
flow. The  bed  of  the  stream  is  composed  of  silt  and  sand  and  is  very 
unstable.  At  low  water  a  sand  bar  forms,  which  divides  the  channel 
into  two  parts.  The  bench  mark  is  located  on  the  first  pier  from  the 
left  bank.  It  is  a  standard  bronze  cap  United  States  Geological  Survey 
bench  mark  and  has  an  elevation  of  137  feet  above  sea  level,  as  deter- 
mined b}'  the  topographic  branch  of  the  Geological  Survey.  Its  eleva- 
tion above  the  zero  of  the  gage  is  35.81  feet. 

The  observations  at  this  station  during  1904  have  l)een  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  meaguremenU  of  Colorado  River  at  l'«y/ia,  Ariz.^  in  J 904. 


Dftte. 


Hydrographer. 


W.  D.  Smith. 


January  2 

Jannarv  5 do 

January  8 ' do 

January  11 do 

January  14 do 

....do 
....do 


January  16 

January  19 

January  21 do 

January  23 do 

January  26 do 


January  28 

January  30 

February  1 

February  4 

February  6 

February  9 

February  11  ... 
February  13  ... 
February  16  . . . 
February  18  . .  . 

February  20 do 

February  22 do 

February  26 do 

February  27 do 

March  1 ' do 

March  3 ' do 

March  5 1 do 


do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 


height. 

Discharge. 

Feet. 

Second-feet. 

18.92 

3,981 

18.84 

4,007 

18.75 

3, 677 

18.60 

3, 494 

18.55 

3, 418 

18.70 

3,512 

18.60 

3,  407 

18.  75 

3,694 

18.  75 

3,586 

18.70 

3,511 

18.75 

3,595 

18.80 

3,622 

18.85 

3,649 

18.90 

3,812 

18.90 

3,  736 

18.75 

3,484 

18.70 

3, 342 

18.  75 

3,540 

18.75 

3,490 

18.  95 

3,  753 

19.05 

3,  794 

19.20 

4,162 

19.  35 

4,229 

19.25 

4,247 

19.  45 

4,446 

19.50 

4,  027 

19.55 

4,725 
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Discharge  measurements  o/  Colorado  River  at  Yuma,  Ariz.,  in  1904 — Continued. 


Date. 


March  8  . 
March  10 
March  12 
March  14 
March  15 
March  17 
March  19 
March  22 
March  25 
March  29 
March  31 
April  2  . . 


Apr 
Apr: 
Apr 


April  1 1 


Apr 
Apr 


April  19 


Apr 


April  23 


Apr 


April  28 


Apr 


15 
17 
19 


114 
116 


121 


126 


129 


Hydrographer. 


W.D.Smith.... 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do  .' 

....do 

....do 

....do 

....do 

....do 

....do 

..,.do 

....do 

May  2 do 

I 

May  4 do 

May  6 ; do 

May  7 J.  N.  Johannsen 


W.  D.  Smith 
....do 


May  9. 
May  10 

May  11 do 

May  14 , do 

Mav  16 , do 

Mav  19 do 

May  21 do 

Mav  23 do 

Mav  25 do 

May  27 
May  31 
June  2 


Gage 
height. 

I 
Diachai;^. 

Ful. 

Seeomlr/€€t. 

19.70 

4,943 

19.90 

5,526 

20.00 

5,720 

20.55 

9,320 

20.25 

8.141 

19.90 

7,111 

19.85 

6,545 

19.80 

5,795 

19.95 

1 

5,861 

'        20.15 

6,^0 

20.05 

5,971 

20.00 

5,926 

20.15 

6,046 

20.50 

7,033 

20.40 

6,984 

20.05 

6,430 

19.95 

5,847 

19.95 

5,823 

20.15 

6,323 

'        20. 25 

5,964 

20.30 

6,173 

21.30 

13,534 

1        21.80 

17,605 

22.00 

19,204 

21.70 

17,838 

21.70 

17,959 

21.50 

1 

17,046 

21.85 

18,407 

22.30 

20,916 

22.95 

26,0:^6 

22.85 

25,6a5 

22.50 

22,854 

22.60 

23, 123 

22.90 

25,083 

23.55 

32,200 

23.95 

32,523 

24.10 

35,653 

24.70 

40, 839 

25.40 

46, 677 

25.95 

46,956 

CLAPP.] 


COLORADO   BIV£R   DRAINAQK    BASIN. 


23 


Discharge  meagurements  of  Colorado  Rirer  at  yuma,  Ariz.y  in  1904 — Continued. 


Date. 


Hydrugrapher. 


June  5  . 
June  7  . 
June  9  . 
June  11 
June  13 
June  15 
June  17 
June  20 
June  22 
June  24 
Jane  27 
June  29 
Julv2.. 
July  5.. 
July  7.. 
July  9. . 
July  11. 
July  13. 
July  15. 
July  18. 
Julv  21. 
July  22. 
July  25. 


W.  D.Smith.... 

do 

do 

do 

N.  J.  Johannsen 
W.  D.  Smith.... 
do 


do 

do 

do 

do 

do 

J.  N.  Johannsen 

do 

W.  D.  Smith . . . . 

S.  M.  Smith 

do 


.do 
do 
.do 
do 
do 
do 


Julv  28 do 


July  30 

August  1  . . . 
August  4  . . . 
August  6  - .  - 

.\ugust  8 

.\ugust  12  .. 
August  16  . . 
August  18  . . 
August  20  . . 
August  23  . . 
August  24  . . 
August  26  . . 
August  30  . . 
Septemljer  1 
September  5 
September  7 


do 

do 

do 

do 

do 

W.  D.Smith 

do 

do 

do 

do , 

do 

do 

S.  M.  Smith 

do 

do 

do 


Gaffe 
heiffbt. 


Feet. 
26.25 
26.00 
25.90 
25.50 
24.90 
24.70 
24.80 
25.00 
25.40 
25.70 
25.65 
25.55 
25.15 
24.25 
24.00 
23.80 
23.40 
23.00 
23.05 
22.85 
22.55 
22.50 
22.20 
22.  25 
21.90 
22.20 
22.  25 
21.85 
22.15 
21.95 
21.95 
21.65 
21.50 
21.30 
23.00 
22.25 
22.80 
22.10 
22.00 
22.40 


Dlfloharge. 

Sfcmul-feet. 
49.  485 


51 
49 
45 
42 
34 
38 
38 
43 
45 
43 
44 
35 
32 
32 
27 
23 
22 
22 
21 
18 
18 
15 
16 
13 
16 
15 
15 
16 
17 
16 
14 
14 
12 
23 
18 
23 
18 
18 
18 


170 
183 
820 
295 
256 
192 
981 
202 
435 
706 
909 
701 
421 
186 
608 
675 
761 
269 

aw 

681 
.178 
269 
044 
939 
193 
973 
427 
357 
686 
660 
6:^6 
199 
957 
652 
740 
185 
358 
060 
351 
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DiBcharge  meaguremerUs  of  Colorado  River  at  Yumaj  Ariz,,  in  1904 — Continued. 


Date. 


Hydrographer. 


S.  M.  Smith 
....do 


September  9  . . . 
September  13  . . 

September  15 do 

September  19 do 


September  22 . . 
September  26 . . 
September  28 . . 
September  30 . . 

October  4 j do 

October  6 ' do 

October  10 do 


W.  D.  Smith. 

....do    

....do 

....do 


October  14 do 

October  17 do 

October  19 do 

1 

October  22 do 


October  25 do 

October  29 ' do 

November  1 do 


November  5  . 
November  8  . 
November  12 


do 
do 
do 


November  15 do 


do 
do 


November  19  . . 
November  23  . . 

Noveml)er  26  ...  I do 

November  30 do 

December  3 ' do 


December  6 

do 

December  10 

do 

December  13 

do 

December  17 

do 

December  19 

do 

December  24 

do 

December  29 

do 

Ga£e 
height. 


Feet. 
21.80 
21.00 
20.90 
20.35 
20.10 
19.60 
19.45 
19.30 
19.30 
20.95 
20.90 
21.85 
22.35 
21.15 
20.60 
20.20 
19.95 
20.00 
19.85 
19.65 
19.65 
1^65 
19.50 
19.30 
19.10 
19.05 
19.10 
19.05 
19.00 
18.85 
18.85 
19.10 
18.40 
18.40 


Diflchan^. 

Serond-ftfi. 

15,  773 

12,940 

11,772 

8,063 

7,682 

6,508 

5,984 

5, 538 

6,014 

12,408 

ii,ias 

19, 134 
21,603 
14,  579 
11,476 
10, 055 
8,825 
7,964 
6,955 
6,544 
6,430 
6,423 
5,948 
5,269 
5,156 
4,754 
5,080 
4,797 
4,819 
4,696 
4,756 
4,822 
3,641 
3,933 


CLAPP.] 


COLORADO    RIVER    DRAINAGE    BASIN. 


25 


Mean  daily  gage  height^  in  feet,  of  Colorado  River  at  y«m«,  Ariz. ,  for 

Auflr 


Day. 

Jan. 

1 

18,92 

•J 

18.92 

3 

18.88 

4 

18.84 

.=> 

18.84 

6 

18.  }^ 

4.............. 

'  18.79 

8 

18.75 

9 

18.74 

10 

18.65 

11 

18.60 

12 

'  18.61 

13 

18.47 

14 

18.  ^ 

i:> 

18.64 

18.70 

17 

18.70 

IS 

18.70 

w 

18.60 
18.70 

21 

18.75 

2» 

18.75 

23 

18.75 

24 

18. 75 

25 

18.75 

18.70 

27. 

18.70 

28 

29 

18.75 
18.75 

30 

18.80 

31 

18.80 

Feb. 


Mar.     Apr.     May. 


18.85 
18.85 
18.90 
18.90 
18.90 

18.  £0 
18.85 
18.80 
18. 75 
18.76 
IK  70 
18.70 
18.75 
18.75 
18.75 
18.75 
18.85 
18.95 
19.00 
19.05 
19.10 
19.20 
19.16 
19.20 
19.30 
19.35 
19.25 
19.25 

19.  SO 


19.  45 
19.50 
19.50 
19.55 
19.55 
19.56 
19.60 
19.70 
19.80 
19.90 
20.00 
20.00 
20.40 
20.65 
20.25 
19.95 
19.90 
19.85 
19.85 
19.85 
19.85 
19.80 
19.80 
19.90 
19.95 
19.95 
19.96 
20.10 
20.16 
20.16 
20.05 


20.05 
20.00 
20.00 
20.00 
20.15 
20.20 
20.60 
20.60 
20.40 
20.20 
20.05 
20.00 
20.00 
19.96 
19.90 
19.95 
19.90 
19.96 
20.15 
20.30 
20.25 
20.80 
20.30 
20.30 
20.60 
21.30 
21.60 
21.80 
22.00 
22.00 


22.00 
21.75 
21.80 
21.70 
21.50 
21.60 
21.85 
22.10 
22.90 
22.80 
22.90 
22.65 
22.66 
22.60 
22.40 
22.60 
22.70 
22.70 
22.90 
23.25 
23.60 
23.90 
23.96 
24.06 
24.10 
24.40 
24.70 
24.95 
26.00 
26.06 
25.30 


25.70 
25.90 
26.10 
•26.25 
26.25 
26.20 
26.00 
25.90 
25.90 
26.70 
25.50 
25.80 
24.90 
24.70 
24.70 
24.70 
24.80 
24.65 
24.80 
25.10 
26.30 
25.40 
25.50 
25.70 
25.70 
26.60 
26.65 
25.56 
26.66 
25.50 


July. 

25.30 
•25. 15 
24.90 
24.45 
24.25 
24.05 
•24.00 
23.96 
23.80 
23.60 
23.40 
23.15 
23.00 
23.  CO 
23.05 
22.90 
22.85 
22.85 
•22.76 
22.56 
22.60 
22.40 
22.30 
22.25 
22.10 
22.10 
•22.05 
22.25 
22.00 
22.00 
22.30 


Sept.     Oct. 


22.25 
22.20 
22.20 
22.26 
•21.95 
21.85 
22.10 
22.10 
22.25 
22.20 
22.20 
21.96 
22.10 
21.95 
21.96 
21.96 
22.00 
21.75 
21.40 
21.50 
21.30 
21.30 
21.80 
'23.00 
23.00 
22.26 
22.10 
22.10 
22.40 
22.90 
22.25 


22.10 
22.00 
22.10 
22.40 
21.95 
22.25 
22.30 
22.00 
21.75 
21.46 
21.10 
21.00 
20.95 
20.90 
20.90 
20.60 
20.50 
2P.60 
20.30 
20.25 
20.10 
20.10 
19.96 
19.85 
19.70 
19.60 
19.65 
19.46 
19.35 
19.30 


19.90 
19.30 
19.30 
19.30 
19.56 
20.95 
20.30 
20.20 
20.30 
20.90 
20.60 
20.70 
21.40 
21.85 
22.30 
22.80 
22.36 
22.00 
21.16 
21.00 
20.75 
20.60 
20.40 
20.30 
20.20 
20.10 
20.10 
20.10 
19.96 
19.95 
19.95 


1904. 
Nov. 

20.00 
20.00 
20.00 
19.90 
19.86 
19.80 
19.70 
19.65 
19.60 
19.60 
19.60 
19.66 
19.65 
19.65 
19.65 
19.60 
19.50 
19.50 
19.60 
19.60 
19.40 
19.30 
19.90 
19.30 
19.20 
19.10 
19.10 
19.06 
19.05 
19.05 


Dec. 


19.10 
19.10 
19.10 
19.06 
19.00 
19.00 
19.06 
19.05 
19.00 
19.00 
18.90 
18.90 
18.86 
18.86 
18.80 
18.80 
18.86 
19.06 
19.10 
19.00 
18.85 
18.70 
18.60 
18.40 
18.36 
18.30 
18.30 
18.30 
18.40 
18.60 
18.50 


Egtimaled  monthly  discharge  of  Colorado  River  at  Yuma^  Ariz.,  for  1904.^ 

[Drainage  area,  225,049  square  miles.] 


Discharge  in  second-feet. 


Month. 


January  . 
Febmarv 
March. . . 
x\pril 


Mav 

June 

July , 

August 

September 
(Xrtober  . . 
November 
December 


The  year 


Maximum. 


4,007 

4,310 

9,320 

19,400 

45,900 

51, 170 

38,930 

24,000 

18,500 

23,200 

7,964 

5, 079 


51, 170 


Minimum. 

3,360 

3,342 

4,446 

5,600 

17,040 

32,846 

14,580 

12,950 

5,538 

5,660 

4,754 

3,480 


Mean. 


Run-off. 


Total  in 
acre-feet. 


3,342 


3,635 

3,797 

5,978 

8,058 

27, 697 

43, 814 

23,047 

17,144 

11,621 

11,642 

6,151 

4,477 

13, 922 

^T^n^^    Depth  in 

^l?3?^         inches, 
mile. 


223,507 

218,406 

367, 573 

479,484 

1,703,022 

2, 607, 114 

1,417,105 

1,054,143 

691,  497 

715,  839 

366,009 

275, 305 

10,^119,004 


0.016 
.017 
.027 
.036 
.123 
.195 
.102 
.076 
.052 
.052 
.027 
.020 


.062 


0.018 
.018 
.031 
.040 
,142 
.218 
.118 
.088 
.058 
.060 
.030 
.023 

~T844 


oGomputed  by  indirect  method  devised  by  W.  B.  Clapp.    Bee  article  in  Engineering  News,  April 
21, 1904. 
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Summary  of  evaporation  record  at  1  uma,  Ariz.,  for  1904- 


1 

Month. 

Evapora- 
tion. 

Evaporation 
pan. 

Temperature. 
Reservoir. 

River. 

Rain. 

Net  evap- 
oration. 

7  a.  m. 

6  p.  m. 

53.3 
62.7 
68.8 
72.5 
77.7 
84.0 
83.1 
91.7 
86.5 
71.3 
60.7 
53.2 

7  a.  m. 

50.6 
59.7 
65.9 
68.2 
74.1 
81.4 
85.6 
88.9 
81.4 
86.7 
59.2 
52.2 

6  p.  m. 

7  a.  m. 

47.9 
56.1 
61.8 
65.1 
70.0 
77.2 
81.8 
86.5 
80.2 
65.3 
54.8 
48.2 

6  p.  m. 

January  

3.60 

3.90 

6.47 

9.37 

10.01 

10.11 

10.24 

8.56 

6.62 

7.02 

4.41 

2.01 

49.4 
58.2 
(53.8 
65.7 
72.2 
79.3 
83.6 
86.8 
80.6 
66.5 
56.4 
49.9 

54.3 
63.3 
69.8 
73.3 
78.0 
84.1 
89.4 
92.5 
86.3 
72.0 
62.1 
54.3 

49.8 
60.0 
62.3 
69.2 
73.8 
80.8 
82.7 
89.6 
83.4 
68.4 
57.7 
49.9 

0.00 
.00 
.28 
.00 
.07 
.00 
.05 
.69 
.24 
.00 
.00 
.10 

3.60 

February 

March 

3.90 
6.19 

April 

9.37 

May 

9.94 

June 

10.11 

July 

10.19 

AufiTUSt 

7.  87 

September 

October 

6.38 

7.02 

November 

December 

4.41 
1.91 

Total 

82.32 

• 

1.43 

80.89 

Mean 

67.7 

72.5 

69.7 

73.3 

66.2 

69.0 

IMPERIAL   CANAL   AT   CALIFORNIA-MEXICX)   BOUNDARY    LINE. 


Imperial  canal  heads  about  10  miles,  b}'^  river,  below  Yuma,  Ariz., 
on  the  California  side.  The  station  is  located  a  half  mile  from  the 
river  and  600  feet  below  the  wooden  head-gates.  It  was  established 
October  24,  1903,  by  W.  D.  Smith.  The  vertical  gage  is  located  just 
above  the  boundary  line  on  the  right  bank.  It  is  read  twice  each  day 
by  J.  S.  Carter,  the  storekeeper.  Discharge  measurements  are  made 
by  means  of  a  boat  and  cable.  The  initial  point  for  soundings  is  a 
charred  post  at  the  southeast  corner  of  the  corral  about  150  feet  west 
of  the  right  bank.  The  channel  is  straight  for  600  feet  above  and  800 
feet  below  the  cable  and  has  a  width  of  70  feet.  The  velocity  is  mod- 
erate. There  is  but  one  channel  at  all  stages,  but  when  the  gage  at 
Yuma  reads  alx)ut  26  feet  the  river  overflows  into  the  channel  below 
the  gaging  section.  The  bed  of  the  canal  is  composed  of  silt  and  sand, 
free  from  vegetation,  and  is  very  unstable.  The  right  bank  is  low 
and  is  liable  to  overflow.  The  left  bank  has  an  elevation  of  6  feet 
above  high  water.  Bench  mark  No.  1  is  a  standard  United  States 
Geological  Survey  iron  bench-mark  post.  It  is  located  near  monu- 
ment 207  of  the  United  States  and  Mexico  boundary  line,  on  a  hill 
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about  half  a  mile  west  of  the  gaging  fttation.  Its  elevation  \h  52.41 
feet  above  the  zero  of  the  gage  and  155  feet  above  sea  level.     Bench 

mark  No.  2  is  a  nail  in  a  tree  on  the  right  bank.  Its  elevation  is  15.20 
feet  above  the  zero  of  the  gage.  Bench  mark  No.  3  is  a  nail  in  a  post 
near  the  ground  on  the  right  bank  near  the  corral.  Its  elevation  is 
14.90  feet  above  the  zero  of  the  gage. 

On  October  6,  1904,  a  new  heading  was  opened  on  Mexican  ter- 
ritorv  4  miles  below  the  orisfinal  station  for  the  diversion  of  additional 
water  from  Colorado  River.  Measurements  were  made  in  the  canal 
below  this  heading,  in  order  to  obtain  the  total  diversion. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Duicharge  meagttremenU  of  Imperial  canal  at  Calif amia- Mexico  boundary  line,  head  of 

canal  {old  gaging  station) ,  in  1904. 


I>ate. 


Hydrographer. 


January  1 
Jannary  15 
January  27 
February  12-. - 
February  26 ! do 


March  16 

Do 

April  6 

April  20 

Mays 

May  24 

June  4 

June  10 

June  16 

Augusts 

Augusts 

Augufltl? 

August  27 

September  3  . . 
September  10  . 
September  17  . 
September  24  . 
October  1 


do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

S.  M.  Smith 
W.  D.  Smith 

do 

S.  M.Smith. 

do 

do 

W.  D.  Smith 
do 


Gag-e 
iKht. 


heig 


Discharge. 


Feet. 

Second-feet. 

8.60 

455 

8.30 

410 

8.30 

408 

8.30 

438 

8.82 

551 

10.16 

780 

10.14 

751 

9.80 

704 

10.00 

725 

12.75 

1,377 

12.20 

1,331 

10.80 

1,011 

14. 10 

2,097 

13.  95 

1,776 

13.40 

1,646 

13.60 

1,626 

13.  35 

1,752 

13.30 

1,679 

13. 30 

1,691 

12.50 

1,642 

12.00 

1,271 

11.10 

868 

10.90 

762 
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Mean  daily  gage  height,  in  feet y  of  Imf)erial  canal  at  CMifomia- Mexico  boundary  line,  for 

1904. 


D«y. 


.  Jan. 


1 

8.60 

2 

8.60 
8.55 
8.50 

8 

4 

5 

8.56  ' 

6 

8.50 
8.50 

7 

8 ... 

9 

8.50 
8.45 

10 

8.40 

11 

8.35 

12 

8.30 

13 

8.20 

14 

68.25 

15 

6  8.25 

16 

6  8.25 

17 

18 

68.25 
8.30 
8.30 
8.30 
8.40 
8.40 
8.40 

19 

20 

21 

22 

23 

24 

8.45 

25 

8.35 

8.:» 

8.30 
8.40 
8.40 
8.40 

26 

27 

28 

29 

30 

31 

8.40 

Feb. 

8.50 

8.50 

8.50 

8.50 

8.50 

8.45 

8.40 

8.35 

8.30 

8.20 

8.85 

8.35 

8.85 

8.40 

8.40 

8.40  : 

8.50 

8.60 

8.60 

8.60 

8.60 

8.70 

8.70 

8.70 

8.70 

8.80 

8.80 

8.80 

8.80  1 


Mar. 

8.90 
9.00 
9.00 
9.a5 
9.10 
9.05 
9.05 
9.10 
9.20 
9.30 
9.45 
9.65 
9.95 
10.70 
10.50 
10.20 
10.05 
9.95 
9.85 
9.80 
9.60 
9.60 
9.50 
9.50 
9.60 
9.60 
9.65 
9.65 
9.65 
9.70 
9.80 


Apr.     May 


9.60 

9.60 

9.60 

9.60 

9.60 

9.75 

9.95 

10.15 

10.00 

10.00 

9.90 

9.90 

9.80 

9.85 

9.90 

9.90 

9.95 

9.80 

9.85 

10.00 

10.10 

10.10 

10. 15 

10.10 

10.20 

11.85 

12.60 

12.80 

12.80 

12.80 


12.85 
12. 70 
12.70 
12.60 
12.80 
12.25 
12.60 
12.85 
13.00 
13.35 
13.60 
13.00 
12. 70 
12.0  J 
11.9^3 
12.15 
12.30 
12.45 
12.70 
12. 70 
12.65 
12.25 
12. 20 
12.20 
12.15 
11.80 
11.00 
11. 15 
11.16 
11.00 
10.50 


I  >  ' 

June.    July.     Ang.  !  Sept.  ,  Oct. 


11.05 
11.00 
11.00 
10.95 
10.80 
11.30 
11.80 
13.10 
13.80 
14.00 
13.95 
14.10 
614.20 
14.30 
14.10 
14.00 
14.06 
14.10 
14.25 
14.45 
14.60 
14.60 
14.60 
14.60 
14.60 
14.70 
14. 75 
14.70 
14.70 
14.70 


14.70 
14.70 
14.65 
14.60 
14. 55 
(«) 


13.10 
13.06 
13.00 
13.40 
13.55 


13.60 
13.60 
13.40 
13.35 
13.10 
13.00 
13.40 
13.20 
13.70 
13.60 
13.65 
13.45 
13.45 
13.40 
13.20 
13.30 
13.25 
12.85 
12.70 
12.70 
12.60 
12.65 
12.50 
13.86 
14.10 
13.50 
13.20 
13.30 
13.65 
14.10 
18.50 


13.30 
13.20 
13.20 
13.55 
13.10 
13.45 
13.65 
13.20 
12.95 
12.66 
12.10 
12.06 
12.10 
12.05 
12.10 
11.90 
11.95 
11.80 
11.66 
11.55 
11.30 
11.20 
11.20 
11.20 
11.15 
11.15 
11.20 
11.10 
11.05 
10.90 


10.90 
10.90 
10.86 
10.85 
12.70 
12.10 


12.60 


14. 15 


Nov.     Dec. 


i- 


,( 


n  Gage  destroyed.    Replaced  July  27. 


6  Estimated. 


e  Stiition  discontinued. 


Discharge  measurements  of  Imperial  canal  at  heading  in  Mexico^  4  miles  below  the  Inter- 
national boundary  line  (new  gaging  station)^  in  1904. 


Date. 


Hydrographer. 


Octoljer7 W.  D.  Smith 

()ctol)er  15 do 

()ctol)er  21 i do 

October  28 do 

November  4 \ do 

November  11 do    

Noveml:)er  18 do 

November  25 do 

I 

December  2 do 

De<'ember9 ' do 

Deceml)er  20 do 

Decemlier28 ! do 


Dittcharge. 


Feet. 

Secand/fft. 

10.60 

1,213 

12.  75 

1,976 

10.60 

1,^56 

9.35 

1,016 

9.:i0 

898 

9.20 

937 

8.95 

954 

8.85 

886 

8.60 

826 

8.85 

879 

8.90 

899 

8.00 

607 
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IMPERIAL  VALLEY  CANALS. 


In  July,  19<)4,  stations  were  established  on  all  canals  entering  the 
Imperial  Valley  as  follows:  Holt  canal,  Hemlock  canal,  Alamo  channel, 
Alwnitos  canal,  Main  canal,  and  Boundary  canal.  These  stations  are 
loented  on  United  States  territory  and  in  each  case  near  the  California- 
Mexico  boundary  line.  Discharge  measurements  are  made  from  foot- 
bridges constructed  at  each  station.  The  gages  are  vertical  rods  fas- 
tened to  4  by  4  inch  timbers  substantially  imbedded  in  the  ground. 
Automatic  water-stage  registers,  from  which  the  daily  gage  height 
record  is  compiled,  were  placed  at  the  fii*st  five  stations  mentioned 
above.  These  canals  enter  the  valley  east  of  Calexico,  Cal.  In  Octo- 
ber a  canal,  known  as  Canal  No.  6,  was  completed,  which  enters  the 
valley  west  of  Calexico,  Cal.  A  station  was  constructed  on  this  canal 
in  November,  and  weekly  discharge  measurements  are  being  made.  A 
large  quantity  of  waste  water  was  discharging  from  the  Imperial  Val- 
ley, below  all  irrigated  lands,  into  the  Salton  Basin.  To  determine  this 
waste,  discharge  measurements  were  made  on  New  River  at  Brawley, 
on  Alamo  channel  at  Rockwood,  and  on  Canal  No.  6  at  Bernice. 

The  observations  at  these  stations  during  1904:  have  been  made  under 
the  direction  of  W.  B.  Clapp,  district  hydrographer. 

Discharge  measuremaUs  of  Holt  canal  near  Calexico ^  CaL^  in  1904. 


Date. 


Hydrographer. 


Gage 
height. 


Discharge. 


W.  v.  Haniy 


July  14 

July  23 ■ do 

July  26 tlo 

July  29 do 

August  2 do 

August  5 do 

August  10 do 

August  17 do 

....do 
....do 


August  23 

August  26 

September  3  . . . 
September  10  . . 
September  18  .. 
September  24  . . 

September  27 do 

October  1 .do 

I 

Octobers ' do 

Octobers do 


W.  v.  Hardy  and  E.  C.  La  Rue 

....do 

....do 

S.M.  Smith 


J^ei. 

Seamd-Jcd. 

2.02 

62.0 

1.79 

53.6 

1.75 

48.4 

1.72 

44.0 

1.70 

43.0 

1.70 

41.8 

1.88 

50.0 

2.03 

59.0 

1.96 

56.0 

1.97 

56.0 

2.03 

60.0 

2.14 

61.0 

1.63 

37.0 

1.60 

36.0 

1.55 

33. 0 

1.90 

49.0 

1.73 

41.0 

2.03 

56.0 
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Discharge  measurements  of  Holt  canal  near  OaUxico,  Col.,  in  1904 — Continued. 


Date. 

Hydrograpta 

er. 

Gaffe 
height. 

Disc 

Seco 

1 
:haiKe. 

nd-/ect. 
48.0 

October  15 

S.  M.  Smith 

1.97 

October  22 

do 

1.98 
1.61 
1.62 
1.95 
1.92 
1.72 
1.52 

47.0 

October  29 

do 

30.0 
36.3 
54.0 
50.0 

November  4 

do 

November  11 

W.  V.  Hardy  and  S.  M.  Smith. 
W.  V.  Hardv 

* 

November  18 

November  25 

m 

do 

40.0 

December  2 

do 



32.0 

December  8 

do 

1.65 

37.0 

December  15 ... . 

do 

1.46 
1.58 

27.0 

December  22 

do 

32.0 

gage  fieight,  in  feet,  of  Holt  canal  i 

lear  Ca 

Aug. 

1.85 
1.70 
1.70 
1.70 
1.70 
1.65 
1.60 
1.80 
1.85 
1.90 
1.90 
1.90 
1.95 
1.95 
2.00 
2.00 
2.05 
2.05 
2.05 

(2.a5) 

(•2.05) 

(2.00) 

1.95 

(1.95) 

(1.96) 

1.95 

2.00 

2.a^ 

2.00 
1.90 
2.00 

Mean  daily 

lexico, 

OaL,  for  1904. 

Day. 

July. 

Sept. 

(kt. 

Nov. 

1.60 
1.55 
1.65 
1.60 
1.70 
1.80 
1.65 
2.16 
2. 15 
2.05 
2.00 
1.90 
1.90 
1.90 
1.85 
1.85 
1.90 
1.90 
1.90 
1.90 
1   85 

I>ec. 

1 

■ 

2.00         1.90 

1.60 

2 

2.10 
2.00 
2.00 
2.00 
1.90 
1.90 
2.10 
2.10 
2. 15 
2.15 
2.10 
1.90 
1.70 
1  65 
1.60 

1.80 
1.80 
1.80 
1.75 
1.70, 
1.80 
2.00 
2.00 
1.85 
1.80 
1.85 
1.90 
1.85 
1.80 
1.90 

1.55 

1 

8 

1.50 

4 

1 

1.55 

5 

1.60 

6 

1.75 

7 

1.65 

8 

1.65 

1 

9 •. 

1.60 

10 , 

1.6Q 

11 

1.65 

12 

1.65 

13 

1.65 

14 

1.60 

15 ^ ' 

1.50 

16 1 

1.50 

17 

1 
1.55  1      1-90 

1.45 

18 

1.60 
1.60 
1.60 
1.65 
1.55 
1.55 
1.55 
1.56 
1.50 
1.55 
1.50 
1.50 
1.70 

1.95 
1.95 
1.95 
2.00 

1.50 

19 

1 

1.50 

20 

1.45 

21 

1.56 

22 

1.80 
1.80 
1.75 
1.70 

1.95        l-8.<t 

l.K> 

23 

1.85 
1.75 

1.80 
1   75 

1.46 

24 

1.25 

25 

1      

1.60  1      1  7.'% 

1.20 

26 

1.75 

1.65 

1   75 

1.05 

27 

1.80 
1.75 
1.70 
1.36 
1.90 

1.70  '      1  7S 

1.10 

28 

1.65 
1.60 
1.60 
1.60 

1.70 
1.70 
1.65 

1.05 

29 

30 

(1.05) 
(1.05) 
(1.06) 

31 « - -  - 

Note.— Gage  heights  in  parenthesis  are  estimated. 
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Discharge  meamirements  of  Hemlock  canal  near  Calexxco^  Cal.,  m  1904. 


Date. 


Hydrographer. 


GaKc 
belgrht. 


July  23 W.  V.  Hardy 

July  26 ' do 

July  29 do * 

August  2 do 

Augusts do 

August  10 1 do 

August  17 do 

A  ugust  23 do 

A  ugufit  26 do 

September  3 W.  V.  Hardy  and  E.  C.  La  Rue 

Sf  pteraber  10 .do •. 

September  18 do 

September  24  . . .    S,  M.  Smith 

September  27 do 

October  1 do 

October  5 do 

October  8 do 

October  15 do 

Oct(>lj>er  22 do 

Octol>er  29 do 

November  4 do 

November  11.. 
November  18  . . 
November  25  .  . 

December  2 do 

December  8 do 

December  15 do 

December  22 do 


W.  V.  Hardy  and  S.  M.  Smith 

W.  V.  Hardy 

....do 


Discharge. 


Fed. 

Second-feet. 

0.95 

4.4 

1.15 

1 

6.4 

1.14 

6.0 

.92 

3.6 

1.20  . 

7.3 

1.00 

4.4 

1.08 

5.7 

1.03 

5.0 

1.02 

4.9 

1.02 

4.3 

1.07 

4.6 

1.44 

11.5 

1.10 

3.9 

1.10 

4.5 

1.79 

14.5 

1.15 

5.4 

1.31 

8.2 

1.45 

8.8 

1.50 

10.6 

.98 

3.1 

1.13 

6.4 

1.29 

8.0 

1.31 

8.2 

1.28 

8.0 

1.39 

9.5 

1.13 

6.3 

1.04 

3.3 

.88 

1.8 

I 
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Mean  daily  gage  height,  in  feet j  of  Hemlock  canal  near  Calexico,  Cal.j  for  1904- 


«  Dry. 
NoTK. — Gage  hvightii  in  parerithesiK  are  eHtimated, 


Day. 

July. 

Aug. 

0.95 
.90 
.95 
1.10 
1.20 
1.30 

(«) 
(«) 

.90 
1.00 
1.00 
.80 
.90 
1.05 
1.05 
1.05 
1.10 

i.as 

1.10 

(1.05) 
(1.05) 
(1.05) 

Sept. 

Oct. 

1.70 
1.50 
1.40 
1.35 
1.15 
1.05 

i.a5 

1.15 

.85 

.80 

.75 

.65 

.95 

1.30 

1.45 

1.45 

1.45 

1.45 

1.45 

1.50 

1.50 

Nov. 

1.05 
1.10 
1.15 
1.15 
1.20 
1.25 
1.35 
1.40 
1.35 
1.30 
1.30 
1.30 
1.30 
'  1.30 
1.35 
1.45 
1.45 
1.35 
1.30 
1.30 
1.30 

Dec. 

1 

0.95 
.95 
1.00 
1.05 
l.a") 
1.05 

i.a5 

1.05 
1.05 
1.10 
1.10 
1.05 

i.a5 

.    1.00 
1.05 
1.10 
1.05 
1.20 
1.65 
1.35 
1.10 

1.20 

2 

1.40 

3 

1.40 

4 

1.40 

6 

1..^0 

6 

-95 

7 

1.15 

8 

lAh 

9 

1.10 

10 

1.10 

11 

1.10 

1.10 

13 

1.10 

I.IO 

15 

1.00 

16 

1.00 

17 

.95 

18 

.95 

19 

90 

20 ' 

.90 

21 

90 

22 

1.00 

1.00 

1.50 

1.30 

.90 

23 

.95 

1.05 

1.00 

1.45 

1.30 

.  8.'> 

24 

1.00 

(1.05) 

1.00 

1.35 

1.30 

.80 

25 

1.05 

(1.00) 

1.05 

1.25 

1.30 

.80 

26 

1.15 

1.00 

1.10 

1.16 

1.30 

.S.'S 

27 

1.15 

(1.05) 

1.25 

1.05 

1.30 

.60 

28 

.75 

(1.05) 

1.45 

1.00 

1.30 

.75 

29 

1.15 

(1.20) 

1.35 

1.00 

1.25 

1. 75. 

30 

1.15 

(1.25) 

1.35 

1.05 

1.20 

(.7.^^ 

31 

1.00 

(1.05) 

1.05 

(.7."»> 
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Discharge  measurevients  of  Alamo  channel  near  Calexicoj  <\il.,  in  1904^ 


Date. 


July  14 
July  23 
July  26 
July  29 
August  2. 
August  5. 
August  10. 
August  17 
August  23. 
August  26. 
September  3  . 
September  10 
September  18 
September  24 
September  27 

October  1 

Octobers 

Octobers 

October  15 

October  22... 
October  29... 
November  4.. 
November  11. 
November  18. 
November2o- 
December  2. . 
December  8.. 
December  15. 
December  22. 


Hydrographcr. 


W.  V.  Hardy  and  E.  O.  I.a  Rue. 

do 

do 

S.  M.  Smith 

do 


do 
do 
.do 
do 
.do 
.do 
.do 


W.  V.  Hardy  and  S.  M.  Smith. 

W.  V.  Hardy 

do 


.do 
.do 
.do 
do 


Gage 
height. 

DiHcharge. 

Feet. 

Second-feet. 

3.20 

144 

2.80 

115 

3.09 

138 

3.51 

177 

1.63 

39 

1.61 

36.5 

3.38 

163 

3.82 

219 

3.67 

200 

3.68 

197 

4.00 

239 

4.00 

256 

2.95 

136 

2.77 

124 

2.80 

135 

3.79 

240 

2.65 

123 

3.55 

205 

3.40 

182 

3.82 

228 

3.05 

157 

2.97 

146 

3.04 

152 

2.43 

97 

2.22 

86 

2.14 

80 

2.56 

107 

2.55 

111 

2.32 

80 

1 

IRR  134—05—3 
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STREAM   MEASUREMENTS   IN   1904,  PART    XI. 


[NO.  1^ 


Mean  daily  gage  height^  iti  feet,  of  Alamo  channel  near  Oilexico^  Cat.,  for  1904. 


Day. 

July. 

Aug. 

1.80 
1.65 
1.65 
1.60 
1.60 
1.80 
2.50 
2.65 
2.85 
3.40 
3.60 
3.60 
3.50 
3.66 
J>.65 
3.76 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.66 
3.65 
3.70 
3.70 
3.80 
3.80 
3.80 
3.80 
3.80 

Sept. 

(3.90) 
(3.90) 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
3.95 
3.65 
3.35 
(3.00) 
(2. 90) 
(2.90) 
2.90 
2.90 
2.90 
2.80 
2.70 
2.75 
2.76 
2.80 
2.75 
2.80 
2.75 
2.95 
3.40 

Oct. 

3.75 
3,35 
3.00 
(2. 70) 
2.65 
3.55 
2.75 
3.25 
3.50 
3.45 
3.40 
3.40 
3.40 
3.35 
3.40 
3.45 
3.40 
3.50 
3.75 
3.80 
3.85 
3.80 
3.70 
3,25 
3.20 
3.25 
3.15 

3.a'> 

3.00 
3.00 
2.95 

Nov. 

Dec- 

1 

2.95 

2.95 

2.95 

3.00 

2.70 

2.50 

2.50 

(S.00) 

(3.00) 

(3.00) 

3.00 

2. 75 

2..')0 

(2,4a) 

(2.40) 

(2.40) 

(2.40) 

2.40 

2.40 

3.40 

2.35 

2.30 

2.25 

2.25  . 

2.20 

2,25 

2,25 

2.20  1 

2.15 

2.10  ' 

2,10 

2 

2  l'» 

3 

2.15 

4 

2.*.S) 

5 

2.30 

6 

2-3.'» 

• 

7 

2.55 

8 

2.55 

9 

IT.  56 

10 

2-60 

11 

2.60 

12 

2.60 

13 

2.60 

H 

2.  .^5 

15 

2.55 

16 

(2.  .15) 

(2.56. 
(2.  .-lO) 
(2.50J 
(2-40) 
(2.35.. 
2.30 

17 

18 

19 

20 ' 

21..  

22 

3.25 
2.80 
2.90 
2.95 
3.10 
3.30 
3.40 
3.60 
3.60 
3.80 

23 

2. 15 

24 

2  00 

•25 

(2.U01 
(2.00) 

(i.9o; 
(i..so; 

1.75 

(1.75: 

(1.75; 

26 i 

27 • 

28 

29 

30 

31 

Note. — Gage  hcightti  In  pareuthesui  are  estimated. 
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Digi'harge  me(umrements  of  Alamitoft  caiial  near  fVi/zj/w,  (b/.,  m  I!H)4. 


Date. 


Hydrographer. 


July  14 

July  23 

July  26 

July  29 

August  2 

August  5 

August  10 

August  17 

August  23 

August  26 

September  3 . . 
September  10  . 
September  18  . 
September  24  . 
September  27 . 

Octolwr  1 

<.)ctober  5 

(k-toberS 

October  15 

<X-tober22 

October  29 

November  4  . . 
November  1 1  . 
Novemter  18  . 
November  25  . 

December  2 do 

December  8 do 

December  15 do 

December  22 do 


W.  V.  Hanly 

....do 

....do 

..,.do 


do 

do 

do 

do 

do 

do 

do 

do 

do 

S.  M.  Smith 

do 

do 

do 

do 

do 

do 

do 

do 


.  S.  M.  Smith  and  VV.  V.  Hartly 

\V.  V.  Hardy 

....do 


Gekp 
height. 

DiM'hance. 

Ful. 

Second'/eet. 

1.40 

26.6 

1.48 

24.3 

1.30 

18.4 

1.50 

26.3 

1.08 

8.2 

1.04 

13.3 

.81 

3.0 

1.20 

17.7 

1.17 

17.4 

1.13 

15.6 

1.10 

16.3 

1.15 

21.0 

1.39 

31.0 

.87 

8.3 

1.02 

13.7 

1.10 

8.4 

1.19 

18.7 

1.54 

36.0 

1.50 

35.0 

1.30 

26.0 

1.24 

25.0 

1.21 

23.0 

1.37 

30.0 

1.48 

35.0 

1.48 

26.0 

1.34 

22.0 

1.41 

25.0 

1.43 

26.0 

1.46 

29.0 

36  STREAM   MEASUREMENTS   IN   1904,  PART   XI.  [ho.  134. 

Mean  daily  gage  heigfU^  in  feel,  of  Alamiios  canal  near  CalexicOf  Col. ,  for  1904- 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
81 


Day. 


July. 


Aug. 


1.40 
1.50 
1.40 
1.35 
1.30 
1.35 
1.40 
1.50 
1.50 
1.65 


1.00 

1.10 

1.10 

1.05 

1.05 

1.00 

1.00 

.90 

1.00 

.80 

.90 

.85 

.95 

1.00 

1.10 

1.15 

1.20 

1.20 

1.20 

(1.20) 

1.15 

(1.10) 

1.10 

(1.05) 

(1.05) 

1.05 

1.05 

(1.05) 

(1.05) 

(1.00) 

(1.00) 


Sept. 


(1.10) 
(1.10) 
1.10 
1.05 
1.10 
1.10 

(1. 10) 
1.15 
1.15 
1.15 
1.15 
1.20 
1.15 
1.15 
1.10 
1.15 
1.25 
1.40 
1.30 
1.25 
1.15 
1.10 
1.00 
.95 
1.10 
1.05 
1.05 
1.10 
1.15 
1.00 


Oct.       Nov. 


I 


1.10 
.65 
.90 
1.15 
L25 
1.30 
1.40 
1.45 
1.35 
1.35 
1.35 
1.85 
1.40 
1.45 
1.50 
1.55 
1.10 
.90 
.80 
1.15 
1.35 
1.30 
1.30 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.2S 


1.25 
1.2S 
1.25 
1.25 
1.80 
1.35 
1.25 
1.20 
1.25 
1.90 
1.35 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.50 
1.45 
(«) 

(«) 

1.35 

L40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 


Dec 


1.35 
1.^6 
1.35 
1.35 
1.35 
1.40 
1.40 
1.40 
1.50 

i.eo 

1.45 
1.-40 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.50 
1.50 
1.45 
1.40 
1.S5 
1.25 
1.20 
1.30 
1.40 
(1. 40) 
(1.40) 
(1.40) 


a  Dry. 
Note.— Gage  heights  in  parentheeis  are  estimated. 
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Ducharge  jneoMiremmis  of  Imperial  canal  (main)  near  Calexico,  Col.,  in  1904. 


Date. 


July  14 

July  21 

July  23 

July  26 

July  29 

August  2 

Augusts 

August  10 

August  17 

August  23 

August  26 

September  3  . 
September  10 
September  18 
September  24 
September  27 

October  1 

O<rtober5 


Hydrographer. 


W.  V.  Hardy 
do 


do 

do 

.....do  

*do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

S.  M.  Smith. 

do 

do 


Octobers I do 


Otttober  15. . . 
October  22. . , 
October  29... 
November  4.. 
November  1 1 . 
November  18. 
November  25. 
December  2. . 
December  8.. 
December  15. 
December  22. 


do 

.-..do 

do 

S.  M.  Smith  and  W.  V.  Hardy. 

...do 

W.  V.  Hardy 

do 


do 
do 
do 
do 


height. 

Discharge. 

Feet. 

Second-feel. 

4.60 

615 

4.60 

642 

4.53 

625 

4.32 

598 

4.03 

519 

4.73 

652 

4.83 

677 

4.16 

556 

4.72 

644 

4.74 

669 

4.76 

696 

4.93 

717 

4.91 

682 

4.62 

662 

4.27 

573 

4.10 

560 

3.11 

249 

3.97 

474 

4.13 

548 

4.59 

642 

4.70 

639 

4.63 

656 

4.45 

598 

4.41 

601 

4.62 

620 

4 

4.54 

602 

4.48 

586 

4.45 

573 

4.42 

561 

4.40 

563 

38 


STREAM  MEAStTREMEKTS   IN  1904,  PART   XL 


[iro.  131 


Mean  daily  gage  height^  in  feet,  of  Imperial  canal  {main)  near  CalericOyCal.^for  1904, 


Day. 

July. 

Aug. 

4.60 
4.75 
4.70 
4.85 
4.80 
4.80 
4.70 
4.55 
4.40 
4.15 
4.20 
4.80 
4.40 
4.55 
4.65 
4.65 
4.70 
4.75 
4.90 
4.75 
4.75 
4.75 
4.75 
4.75 
4.75 
4.75 
4.80 
4.80 
4.85 
4.85 
4.85 

Sept. 

Oct. 

2.90 
3.50 
3.80 
4.a'> 
4.00 
3.95 
4.00 
4.15 
4.25 
4.40 
4.40 
4.40 
4.40 
4.55 
4.60 
4.60 
4.70 
4.75 
4.80 
4.75 
4.70 
4.70 
4.65 
4.65 
4.60 
4.65 
4.60 
4.60 
4.65. 
4.60 
4.55 

Nov. 

Dec. 

1 

4.»> 
4.90 
4.95 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.85 
4.80 
4.75 
4.75 
4.75 
4.65 
4.60 
4.60 
4.65 
4.56 
4.50 
4.35 
4.15 
4.10 
4.10 
4.15 
4.16 
4.10 
3.30 

4.50 
4.50 
4.45 
4.45 
4.50 
4.55 
4.25 
4.25 
4.30 
4.35 
4.40 
4.50 
4.55 
4.65 
4.55 
4.60 
4.60 
4.60 
4.65 
4.70 
4.70 
4.60 
4.55 
4.55 
4.66 
4.65 
4.  GO 
4.55 
4.55 
4.50 

4.50 

4.45 

4.45 
1      4.45 
I      4.50 

4.."0 

4.45           1 

4.45           1 

4.45 

4.40 

4.45 

4-45 

4.45 

4.40 

4.40 
(4.40) 
(4.40) 
{4.  MS) 
(4.40) 
(4.40) 
(4.  40) 

4.40 

4.&5 

4.30 

4.20 

4.15 

4.10 

4.00 
(4.  W) 
(4.00) 
(4.00) 

2 

3 

4 

5 

6 

7 

8 

9 

10 ' 

1 

11 

12 

13 

14 

4.60 
4.60 
4.70 
4.60 
4.60 
4.60 
4.60 
4.60 
4.55 
4.55 
4.50 
4.45 
4.30 
4.25 
4.00 
4.00 
4.00 
4.10 

15 

16 

17 

18 

19 

20 

21 

22 : 

23 

24 

25 

26 

27 

28 

29 

30 

81 

Note.— Gage  heights  in  parenthesis  are  estimated. 
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Ditcluirge  mecuntrement^  of  Boundary  ctmal  near  CalexicOy  Cat. ,  m  1904. 


Date. 


Hydroirrapher. 


July  23 W.  V.  Hardv 

July  26 do 

July  29 do 

August  2 do 

Augufit5 do 

August  10 do 

Augustl? do 

August  23 do 

August  26 do 

September  3 

September  10  . . 
September  18  . . 


hegft.      I>i«cl«nfc. 


September  24  . .  . 
September  27  . , . 

October  1 

October  5 

Octobers 

October  15 

(October  22 

October  29 

November  4 

November  11  ... 
November  18  . .  . 
November  25  . . . 

December  2 

December  8 

December  15 

December  22 


W.  V.  Hardy  and  E.  C.  LaRue. 

....do 

....do 

S.M.  Smith 

..-.do 

....do 

....do 

....do 

....do 

....do 

....do 

W.V.Hardy 

S.  M.  Smith  and  W.  V.  Hardy. 

W.V.Hardy 

....do 


do 
do 
do 
do 


/Vrt. 

Sccomt-feet. 

1.20 

10.0 

1.20 

10.0 

1.15 

9.1 

1.65 

12.7 

1.10 

13.0 

1.06 

10.5 

.91 

8.3 

.85 

11.9 

1.10 

15.6 

1.07 

13.2 

1.08 

12.9 

.85 

7.5 

.99 

11.0 

.90 

9.9 

1.00 

10.8 

1.00 

10.0 

1.00 

9.4 

.90 

5.9 

.10 

7.0 

.10 

7.0 

.78 

6.2 

.85 

6.6 

.82 

6.3 

.82 

6.2 

.84 

7.0 

.65 

4.8 

.74 

5.5 

.46 

4.0 
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[no.  131 


Wcuite  measurements  in  Imperial  Valley  in  1904. 


Date. 


October  10. 
October  11, 

October  18. 
October  18. 
October  19. 

October  31 . 


November  1 
November  1 


November  9 
November  9 
November  9 


HydroKrapher. 


W.    V.    Hardy  and 
S.  M.  Smith. 

do 


S.  M.  Smith 
do 

do 


W.    V.    Hardy  and 
S.  M.  Smith. 

do 

do 


W.  V.  Hardy 

...  do 

....do 


stream. 


New  River. 


Alamo  channel. 
Canal  No.  5 


Lot^ation. 


I 


IMs- 
chati^e. 


New  River 

Alamo  channel . 
Canal  No.  5 


Total  waste 
New  River 


Alamo  channel 
Canal  No.  5 


Total  waste . 

New  River 

Alamo  channel.. 
Canal  No.  5 


November  16  . . . ! do 


Brawley ,  Cal . . 

Rock  wood,  Cal 
Bemit^e,  Cal . . 

Brawley,  Cal . . 
RockwocKl,  Cal. 
Bemice,  Cal  . . 


Bra w lev,  Cal... 

Rockwo(Ki,  Cal 
Bemice,  Cal . . 


Brawley,  Cal . . . 
Rock  wood,  Cal 
Bemice,  Cal  - . 


20S 


43 


(«) 


:i80 

4o 
77 


November  15 
November  15 


November  24 


do 
do 


Total  waste 

New  River 

Alamo  channel. 
Canal  No.  5 


Brawley,  Cal.. 
Rockwood,  Cal 
Bemice,  Cal.  .. 


502 
381 

59 

5S 

49S 

31S 

49 
0 


Total  waste. 


.do I  New  River. 


November  22 do 

November  22 do 


Alamo  channel. 
Canal  No.  5 


November  30 do 

November  30  ..." do 

November  30  . .  J do 


December  6 ' do 


Total  waste 


New  River 

Alamo  channel. . 
Canal  No.  5 


December  6. 


Total  waste 


New  River. 


Decemljer  6 <lo 


December  13. 
Decern  l)er  13. 
December  13. 


.do I  Alamo  channel. 

Canal  No.  5 

Total  waste 

New  River 

Alamo  cliannel. 


Deceml)er  24. 


do 

do 

do I  Canal  No.  5 

I          Total  waste 
W.  V.  Hardv !  New  River 


Brawley,  Cal.. 
Rock  wood,  Cal, 
Bemice,  Cal  .. 


Brawley,  Cal . . , 
Rock  wood,  Cal 
Bemice,  Cal . . , 


270 

117 

1 

388 

311 

81 

3 


395 

231 

73 

0 

304 


Brawley,  Cal... 
Rock  wood,  Cal. 
Bernice,  Cal  . . 


Brawlev,  Cal . . 
Rock  wood,  Cal 
Bernice,  Cal  . . 


December  24 I do 


Alamo  channel 


December  24, 


.do Canal  No.  5 

I 

Tt)tal  waste 


Brawley,  Cal . . 
Rock  wood,  Cal 
Bernice,  Cal  . . 


46 
0 

303 

301 

52 

0 

353 
254 

;?9 

0 
2^ 


a  No  mea.siiremeiit  made. 
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Miacellaneotis  measureinent»  in  Colorado  River  drninnge  ftasin  in  1904. 


Date. 


Febraary  22  . . 


Hydrographer. 


Stream. 


W.  D.  Smith  and  S. 
M.  Woodward. 


.do 
do 
do 


February  22  .. 
February  23  . . 
February  23  .. 

February  23 do 

February  23  . . 

Mav8 

May  24 

June  4 

June  16 

July  27 .. 

Mays 

May  24 

June  4 

June  16 

July  27 

August  9 

August  4 


Colorado  Val- 
ley Pumpinjf 
and  Irriga- 
tion Compa- 
ny canal. 

do 


August  3 


August  3 


October  12  . . . 
November  2 . . 

November  10. 
November  17. 
November  23 . 
December  1  . . 
December  7  . . 
December  14  . 
December  2 1 . 


do 

W.  D.  Smith 

do 

do 

....do 

do 


do 

do  .... 

do  .... 

do  .... 

Ludy  canal 

do  .... 

do  .... 

do  .... 

do 


.do Farmers  canal 


do 

do 

do 

do 

S.  M.  Smith . 
W.  D.  Smith 


do 


.do 


S.  M.  Smith 


W.   V.    Hardy    and 
S.  M.  Smith. 

S.  M.  Smith 

W.  V.  Hardy 

do 


do 

do 

do 

do 

do 

Imperial  canal. 


Main  channel 
Im  perial 
canal. 

Padrone  River 
diversion 
( waste  from 
Imperial 
canal. ) 

New  River 

do 


.do 
do 
do 
do 


do 
do 
do 
do 
do 
do 
do 


Location. 


At  heading. 


.do 
.do 
.do 
.do 
.do 
.do 
do 
.do 
do 
do 
do 
do 
do 
.do 
.do 
.do 


Junction 
with  Car- 
ter River, 
Mexico. 

Below  Best's 
C  a  m  p, 
Mexico. 

Best's  Camp, 
Mexico* 


Calexico,  Cal , 
do 


.do 
do 
do 
do 
do 
do 
do 


Gage 
height. 


1.11 


.89 


I    Dis- 
charge. 


Sec./t. 
19.8 


9.9 

11.5 

11.8 

11.8 

11.2 

50 

59 
158 

92 
185 

63 

97 

56 

35 

47 

70 
309 


525 


609 


154 
52 

28 

24 

20 

18.6 

16.7 

22 

10.2 
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DUTY  OF  WATER  AND  SEEPAGE   INVESTIGATIONS  NEAR  YUMA,  ARIZ. 

[By  W.  D.  Smith.] 

The  following  is  a  statement  of  the  investigations  made  on  the  duty 
of  water  for  mixed  crops  under  the  right  and  left  branches  of  the 
Colorado  Valley  Pumping  and  Irrigation  Company  canal,  the  duty 
of  water  for  alfalfa  on  the  Laselle  and  Rose  ranches,  and  the  seepage 
loss  in  the  left  branch  of  the  Colorado  Valley  Pumping  and  Irriga- 
tion Company  canal  (commonly  known  as  the  Ives  ditch).  All  of 
these  lands  lie  in  the  upper  part  of  the  Yuma  Valley,  within  6  miles 
of  Yuma,  where  the  pumping  plant  is  located.  The  results  are  repre- 
sentative of  the  Yuma  project  as  a  whole,  with  the  exception  of  the 
seepage  loss,  which  is  believed  to  be  somewhat  high. 

The  climatic  conditions  have  been  normal.  At  the  end  of  the  year 
the  zanjero,  Mr.  S.  P.  Huss,  was  asked  if  he  thought  the  amount  of 
water  used  was  more  or  less  than  usual,  and  he  said,  "Probably  a 
little  less,  for  the  following  reasons:  Colorado  River  during  the 
months  of  August,  September,  and  October  has  carried  an  abnormal 
amount  of  tine  light  mud,  due  to  the  heav}-  discharge  of  Gila  River 
and  other  Arizona  streams.  Thi^  was  carried  through  the  canals  to 
the  lands  irrigated  and  prev^ented  the  water  from  soaking  in  readily. 
In  the  same  way  seepage  in  the  ditches  was  reduced."  Mr.  Huss 
states  that  he  observed  a  marked  difference  in  the  amount  of  time  it 
required  to  irrigate  the  same  acreage  with  a  given  head  of  water,  and 
that  this  was  not  entirely  offset  by  more  frequent  irrigations.  The 
alfalfa  crop  appears  to  have  been  slightly  reduced  from  this  cause. 
The  water  costs  the  irrigators  $1  or  more  per  acre-foot  and  is,  there- 
fore, not  wasted,  but  the  scattering  location  of  the  farms  and  the  slow 
velocity  of  water  in  the  canals  and  laterals  increases  the  amount 
lost  by  seepage.  The  areas  were  obtained  from  the  best  available 
sources.     The  Laselle  and  Rose  ranches  were  surveved  bv  the  writer. 

Four  measuring  flumes  were  used,  on  which  nilometer  records  were 
kept.  Weir  measurements  would  have  been  unsatisfactory  on  account 
of  the  large  amount  of  sediment  carried  in  the  water.  The  rating  of 
these  flumes  was  constantly  changing  by  the  steady  filling  of  the  canals 
with  silt.  This  necessitated  frequent  ratings,  or  single-meter  meas- 
urements, and  at  the  end  of  the  year,  or  just  before  the  cleaning  of  the 
canal  of  silt,  ttibles  were  constructed  for  periods  of  from  two  weeks  to 
two  or  three  months,  according  to  conditions. 

Another  serious  difficulty  was  the  light  grade  of  the  canals  and  the 
fact  that  they  were  discharging  nearly  their  full  capacity.  This  made 
it  almost  impossible  to  locate  the  flumes  where  the  rating  would  not 
be  affected  by  check  gates  in  the  canal.  In  the  case  of  flumes  Nos.  2 
and  4  this  might  have  been  overcome  by  locating  them  above  the 
companj^'s  weirs,  but  the  adv^antages  would  have  been  offset  by  the 
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fact  that  here  the  canals  are  more  often  cleaned  of  silt.  The  flumes 
were  rated  with  the  check  gates  removed  and  with  them  in  place, 
designated  as  '^rating  a"  and  ^'rating  J,"  respectively.  This  would 
not  have  been  a  complete  success  without  the  hearty  cooperation  of  Mr. 
S.  P.  Huss,  the  zanjero,  in  operating  the  check  gates  and  keeping  a 
record  of  the  same  when  requested;  also  the  cooperation  of  Messrs. 
J.  M.  Boxley  and  John  Liamar,  managers  of  the  Laselle  and  Rose 
ranches,  respectively. 

By  the  kindness  of  the  engineer,  Mr.  H.  Alexander,  another  check 
was  obtained  on  the  "a"  and  "J"  ratings  and  on  the  clock  records  as 
a  whole.  Mr.  Alexander  kept  an  accurate  record  for  the  whole  year 
of  the  number  of  hours  the  pump  was  in  operation  each  day  and  the 
number  of  irrigating  heads  pumped.  An  irrigating  head  is  about  12 
second-feet. 

Flume  No.  4  is  the  property  of  the  agricultural  experiment  station 
at  Tucson,  Ariz.  The  nilometer  on  this  flume  is  of  French  make. 
The  other  three  were  manufactured  by  Julian  P.  Friez,  of  Baltimore, 
Md.  The  French  machine  gave  much  better  results  than  the  latter. 
In  carrying  out  this  work  no  impossible  degree  of  accuracy  has  been 
attempted,  but  no  pains  have  been  spared  to  make  the  results  abso- 
lutely reliable  and  reasonably  accurate. 

MoiUhly  duty  of  vxUer  of  right  branch  of  Colorado  Valley  Pumping  and  Irrigalion 

Company  canal  at  Yuma^  Ariz. 


January... 
February  . 

March 

April 

Mav 

June 

July 

Auf^t 

September 
October. . . 
November. 
December - 


Month. 


Acre-feet. 


Total.        Per  acre. 


356.0 

0.20 

517.9 

.29 

1,188.5 

.66 

966.2 

.54 

966.3 

.54 

1,284.6 

.71 

1,033.1 

.57 

576.9 

.32 

794.0 

.44 

748.4 

.41 

0.0 

.00 

316. 0 

.18 

Total 8,  747. 8 


4.86 


Note. — ^The  above  includes  seepage  los»e8.    Crops,  mixed.    Net  area,  1, 800  acres. 
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Monthly  duty  of  water  of  lefi  branch  of  Colorado  Valley  Pumping  and  Irrigation 

Company  canal  at  Yumaf  Ariz. 


• 

Month. 

Acre- feet. 

■ 

Total. 

reracre. 

January 

100.7 
105.5 
174.5 
249.6 
243.8 
398.0 
330.8 
245.8 
204.0 
223.9 
0.0 
51.5 

0.22 

February  

.23 

March 

.39 

April 

.55 

May 

.54 

June 

.88 

July 

.73 

August 

.55 

September 

.45 

October 

.50 

November 

.00 

.  11 

^ 

Total 

2, 328. 1 

5.  15 

Note.— The  above  includes  seepage  losses.    Crops,  mixed.    Net  area,  450  acres. 

Monthly  duty  ofvnUerat  Laselle  ranch,  ytxma,  Ariz. 


Month. 


January  . 
February 
March  . . . 

April 

May 


June 

July 

August  ... 
September 
0(;tober . . . 
November 
December. 


Total 


Acre-feet. 


779.9 


Per  acre 
alfal£a. 


0.58 
.37 
.49 
.51 
.83 
.40 

1.07 
.49 
.61 
.57 
.00 
.00 


5.92 


N()TE.--Acreage,  net:  Alfalfa,  128  acres:  wheat,  17  acres;  total,  14.'>  acres:  which  is  equivalent  to 
132  acres  of  alfalfa. 

Remarks.— The  measuring  flume  is  1,100  feet  above  the  first  lateral,  so  tliat  the 
loss  by  seepage  after  passing  the  flume  and  before  reaching  the  ranch  is  probably 
about  1  per  cent.  The  soil  is  very  sandy.  Most  of  the  alfalfa  was  cut,  but  a  part 
was  used  as  pasture.     Plenty  of  water  was  used,  but  apparently  none  was  wasted. 
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Monthly  duly  of  tocUer  at  Ro9e  raneh^  yuma,  Ariz, 


Acre-feet. 


Month. 


January  . 
February 
March . . . 

April 

May 

June 

July 


Total. 


Per  acre. 


August  ... 
September 
October. . . 


November 
December. 


0.0 

0.00 

0.0 

.00 

13.8 

.72 

15.2 

.79 

10.0 

.52 

14.9 

.77 

12.3 

.64 

8.0 

.42 

8.2 

.43 

13.8 

.72 

0.0 

.00 

2.2 

.11 

Total 


98.4 


5.12 


NoTB. — ^Acre^ge,  net:  Alfalfa,  19.26  acres. 

Remarks. — 7.19  acres  of  above  was  wheat  and  young  alfalfa  so  irrigated  as  to  make 
total  equivalent  to  17.7  acres  of  old  alfalfa.  These  measurements  were  made  at  the 
ranch  and  do  ^ot  include  loss  by  seepage. 

Monthly  duty  of  water  of  Colorado  Valley  Pumping  and  Irrigation  (Company  canal  at 

Yumaf  Ariz, 


January . 
February 
March . . . 
April 


May 

June 

July 

August 

September. 
October  ... 
November . 
December  , 


Total 


Acre-feet. 

Total. 

Per  acre 
gTom  area. 

Per  acre  net 
area. 

456.7 

0.07 

0.20 

623.4 

.10 

.28 

1,363.0 

.21 

.60 

1,215.0 

.19 

.54 

1, 210. 1 

.19 

.54 

1,682.6 

.26 

.75 

1,363.9 

.21 

.60 

822.7 

.13 

.37 

998.0 

.15 

.44 

972.2 

.15 

.43 

0.0 

.00 

.00 

367.5 

.06 

.16 

11,075.9 

1.72 

4.91 

NoTB.— The  above  inclndes  lots  by  seepage. 

Remarks. — Mixed  crops:  Alfalfa,  1,365  acres;  grain,  475  acres;  corn  and  sorghum, 
245  acres;  miscellaneous,  165  acres.  Total  net  area,  2,250  acres;  total  gross  area, 
6,500  acres.    Number  of  irrigators,  75. 
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Cost  of  pumping,  Colorado  Valley  Pumping  and  Irrigation  Company  canal,  (U  I'umfl,  Ariz. 


Irri- 

tlon 
No. 

Month. 

Hours 
pumping. 

Acre-feet 
pumped. 

Average  lift. 

« 

Expense. 

Cost  per 
acre-foot. 

Cost  per  iooi 

of  raising  1 

acre-foot. 

1 

January  ... 

156 

457 

11.5 

! 

$240 

$0.53 

$0,046 

2 

Februarv  .. 

342 

1,173 

10.8 

564 

.48 

.044 

3 

March 

230 

816 

10.5 

411 

.50 

.048 

4 

April 

380 

1,216 

10.1 

607 

.50 

.050 

5  ,  May 

183 

582 

8.7 

312 

.54 

.0(i2 

6     May 

213 

628 

7.5 

310 

.50 

.067 

7     June  

200 

623 

5.1 

271 

.43 

.0^4 

8  ,  June  

220 

685 

6.4 

311 

.45 

.070 

9  ,  June  

240 

718 

6.3 

330 

.46 

.073 

10 

July 

220 

706 

8.3 

362 

.51 

.061 

11  '  August 

300 

644 

8.9 

345 

.54 

.061 

12 

August 

200 

439 

8.9 

260 

.59 

.066 

13     September . 

180 

480 

8.9 

340 

.71 

.080 

14 

September  . 

175 

572 

10.7 

354 

.62 

.     .058 

15  1  October 

1 

200 

574 

9.7 

310 

.54 

.056 

16     October 

200 

456 

10.1 

302 

.66 

.065 

17 

December. . 
Total. 

180 

368 

11.4 

315 

.86 

.075 

3,819 

11,079 

9.a5 

5,944 

.54 

.060 

Note.— Tho  enginei 

;r's  salary  is 

$100  per  mon 

th,  and  this 

increased  the  cost  per  acre-foot  in  the 

months  when  little  wi 

liter  was  pum 

ped. 

Month 

ly  expense. 

Month. 

Labor. 

Wood. 

Oil. 

Mi-scella- 
neous. 

Total. 

January 

r 

$88 

$126 

$0 

$17 

$231 

Februarv 

132 

4 

170 

27 

333 

Marc 
Apri 
May 
June 
July 

./ 

>h 

174 
180 
172 
188 
190 

91 

88 

91 

130 

140 

320 
312 
305 
340 
328 

45 
26 
32 
32 
36 

630 

1 

606 

600 

690 

694 

August 

174 

10 

352 

30 

566 

September 

158 

63 

280 

35 

536 

October 

■   •»•*•«»«• 

172 

80 

288 

51 

591 

November 

100 

0 

0 

9 

109 

December 

134 

70 

80 

74 

a'ss 

Total 

1,862  j 

893 

2,775 

414 

5,944 

• 
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Sftjxige  loxsof  Ives  ditch(Left  Branch  Colorado  Valley  l^impinyand  Irrigation  Company 

canal)  at  1  uma,  Ariz. 

[Distance,  4.26  miles.] 

Per  cent. 

March21 10 

April  18 [ 17 

May  9 14 

May  23 18 

July  2 19 

July  17,  a.  Ill 16 

July  17,  p.  m 18 

Mi»an 16 

RE.MARKS. — This  is  the  loss  between  flumes  No.  2  and  No.  3.  The  water  travels 
this  distance  in  four  and  one-half  hours.  In  each  case  the  register  records  show  a 
constant  head,  and  meter  gagings  were  made  in  flume  No.  3  (the  lower  one).  In 
addition  to  this,  meter  gagings  were  made  in  flume  No.  2  on  May  9,  May  23,  and  July 
17,  a.  m.  For  the  remaining  determinations  the  discharge  at  flume  No.  2  was  taken 
from  the  rating  tables.  In  each  case  search  was  made  along  the  diti^h  for  leaks,  and 
there  was  a  very  small  loss  from  this  source,  which  was  estimate<l  to  be  about  2  per 
cent,  making  the  actual  loss  by  seepage  about  14  per  cent.  The  ditch  has  not  been 
cleaned  for  several  years  and  is  heavily  silted,  but  it  passes  through  a  sandy  part  of 
the  valley. 

SOUTHERN  CALIFORNIA  DRAINAGE. 

Under  the  head  of  southern  California  drainage  have  been  included 
data  concerning  the  streams  of  that  part  of  the  State  south  of  San 
Joaquin  basin.  There  are  thus  included  the  Mohave,  which  flows 
from  the  mountains  north  of  San  Bernardino  into  the  Mohave  Desert, 
a  portion  of  the  great  Interior  Basin,  as  well  as  those  flowing  toward 
the  south  or  southwest,  whose  waters,  in  times  of  flood  at  least,  reach 
the  Pacific  Ocean. 

Arroyo  Seco  rises  on  the  eastern  slope  of  the  Santa  Lucia  Mountains 
and  flows  east  and  empties  into  Salinas  River  at  Soledad,  Cal. 

Santa  Maria  River  drains  the  northern  and  western  slopes  of  the 
San  Rafael  Mountains  and  enters  the  Pacific  Ocean  at  Guadalupe  about 
25  miles  below  San  Luis  Obispo.  Its  principal  tributary  is  Sisouoc 
River  which  joins  the  Santa  Maria  about  12  miles  above  the  town  of 
Santa  Maria.  No  water  is  diverted  from  either  of  these  streams  for 
irrigation. 

Santa  Ynez  River  drains  the  northern  slope  of  the  Santa  Ynez  and 
the  southern  slope  of  the  San  Rafael  Mountfiins,  and  enters  the  Pacific 
Ocean  telow  Lompoc,  Cal.,  about  75  miles  above  Santa  Barbara.  The 
principal  tributary  of  Santa  Ynez  River  is  Mono  Creek,  which  rises 
on  the  southern  slope  of  the  San  Rafael  Mountains.  There  are  several 
good  reservoir  and  dam  sites  on  these  streams. 

Malibu  Creek  rises  in  the  Santa  Monica  Mountains  and  enters  the 
Pacific  Ocean  about  15  miles  above  the  town  of  Santa  Monica.    Truimf  o 
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Creek  is  the  princ^ipal  tributary  of  Malibu  Creek.  Several  storage 
reservoir  and  dam  sites  exist  on  these  streams. 

The  drainage  basin  of  San  Gabriel  River  lies  on  the  southern  slope 
of  the  Sierra  Mad  re,  being  included  in  Los  Angeles  County,  Cal.  The 
various  tributaries  join  the  river  before  it  enters  itis  lowest  canyon, 
whence  it  appears  finally  on  the  plain  in  the  vicinity  of  Azusa.  The 
seepage  waters  of  this  valley  appear  lower  down  in  the  river  and 
finally  enter  the  Pacific  Ocean  not  far  from  the  mouth  of  Los  Angeles 
River.  All  of  the  surplus  waters  of  this  stream  are  now  used  for 
irrigation  purposej^,  and  it  is  only  an  occasional  flood  that  pa.sses  the 
gaging  station. 

Santa  Ana  River  has  its  source  on  the  southern  slope  of  the  San 
Bernardino  Mountains  and  flows  southerly,  appearing  from  its  can3'on 
4  miles  north  of  Redlands.  Its  waters  are  completely  used  in  San 
Bernardino  Valley.  At  the  lower  part  of  the  valley  the  water  appears 
again  in  the  vicinity  of  Rincon,  where  the  river  passes  through  a  com- 
paratively narrow  gorge;  thence  the  general  direction  of  the  stream 
is  southwesterly,  emptying  into  the  Pacific  Ocean. 

The  headwaters  of  Mohave  River  have  their  source  on  the  north- 
ern slopes  of  the  San  Bernardino  Mountains.  The  river  flows  north, 
finally  disappearing  in  the  sands  of  the  Mohave  Desert. 

San  Luis  Rey  River  rises  on  the  western  slope  of  the  Coast  Range 
and  enters  the  Pacific  Ocean  at  the  town  of  Oceanside,  San  Diego 
Count}^  Cal.  The  water  is  div^ertcd  at  several  points  along  this 
stream  for  irrigation. 

The  following  pages  give  the  results  of  data  collected  in  southern 
California  drainage  during  1904: 

ARROYO  SECO  NEAR  SOLEDAD,  CAL. 

A  gaging  station  was  established  b}-  W.  W.  Cockins,  jr.,  in  Decem- 
ber, 1900,  at  Fosters  ranch,  near  Piney  post-office,  Cal.  The  high 
water  of  January,  1901,  enlarged  an  old  channel,  and  the  gaging  station 
was  removed  to  Pettitt's  ranch,  4  miles  below.  The  purpose  of 
establishing  these  gaging  stations  was  to  get  the  maximum  flood  dis- 
charge and  the  amount  of  water  available  for  storage.  The  total  area 
of  the  basin  drained  above  Pettitt's  ranch  is  215  square  miles.  The 
observer  is  Mrs.  Charles  Pettitt. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrog- 
raphers. 
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Discharge  mecumremeiUa  of  Arroyo  tSe<-o  near  Soledad,  Oft/.,  in  1904. 


Date. 


Hydrographer. 


January  22  ... 

February  5 

February  13  .. 

March  11 do 

March  16 do 

March  20 do 

March  23 ' do 

March  23 

May  12 

July  29 


F.  R.  S.  Buttemef . 

F.  W.  Huber 

W.  B.  Newhall... 


....do 

F.  W.  Huber  . . 
O.  W.  Peterson 


Gage 
height. 

Discharge. 

Feet. 

Second-feet 

5.52 

24 

6.08 

150 

6.66 

372 

6.85 

470 

6.08 

184 

7.02 

600 

8.40 

1,514 

7.80 

1,117 

5.85 

103 

5.20 

1.1 

Mean  daily  gage  height,  in  feet,  of  Arroyo  Seco  near  Soledad,  Ciil,,for  1904' 


Day. 

■ 

Jan. 
5.45 

Feb. 

5.50 

Mar. 
6.10 

Apr. 
6.60 

May. 
6.10 

June. 
5.60 

July. 
5.85 

Aug. 
5.15 

Sept 
4.55 

Oct. 

- 

6.40 

Nov. 
5.50 

Dec. 

1 

5.50 

2 

5.50 

5.50 

6.00 

6.50 

0,00 

5.60 

5.35 

5.20 

4.50 

6.40 

6.50 

6.46 

3 

5.50 
5.50 
5.50 
5..W 
5.50 
5.50 

5.50 
5.45 
6.10 
5.80 
5.75 
5.70 

5.90 
5.90 
5.85 
5.80 
5.75 
5.70 

6.35 
6.30 
6.20 
6.15 
6.10 
6.10 

5.95 
5.90 
5.90 
5.85 
5.85 
5.80 

5.60 
5.60 
5.60 
5.55 
5.55 
5.50 

5.35 
5.86 
5.35 
6.30 
5.30 
5.30 

5.15 
5.15 
5.20 
5.20 
5.15 
5.15 

4.50 
4.40 
4.35 
4.30 
4.30 
4.25 

5.36 
5.35 
5.35 
5.35 
5.40 
5.40 

5.50 
5.50 
6.50 
5.60 
5. 15 
5.45 

5.46 

4 

5.45 

o... 

5.46 

5 

5.45 

1.... .......... 

6.45 

8 

5.45 

9 

5.50 

5.70 

5.70 

6.00 

5.80 

5.50 

5.30 

5.10 

4.15 

6.10 

5.45 

5.45 

10 

5.50 

5.70 

8.15 

6.00 

5.80 

5.50 

5.30 

5.10 

4.10 

6.20 

6.45 

5.50 

11 

5.50 

5.70 

7.00 

6.00 

6.80 

5.50 

5.30 

5.10 

4.00 

7.00 

5.45 

5.45 

12 

5.45 

6.90 

6.55 

5.90 

5.80 

.'i.oO 

5.30 

5.10 

4.00 

6.10 

5.45 

5.45 

13 

6.45 

6.60 

6.30 

5.90 

5.75 

5.45 

5.90 

5.10 

4.00 

5.85 

5.45 

5.45 

14 

5.45 

6.00 

6.20 

5.90 

5.70 

5.45 

5.30 

5.05 

3.95 

5.75 

5.40 

5.45 

15     

5.46 
5.45 

5.90 
8.40 

6.20 
6.10 

5.90 
5.85 

5.70 
5.70 

5.45 
.'».45 

5.30 
5.30 

6.06 
5.05 

3.95 
3.90 

5.70 
5.65 

5.50 
5.55 

5.45 

16 

5.45 

17 

5.45 

6.45 

6.15 

5.80 

5.70 

5.45 

6.30 

5.05 

3.85 

5.60 

5.50 

5.45 

W 

5.50 

6.10 

6.85 

8.00 

5.70 

5.45 

6.30 

5.00 

3.80 

6.60 

5.50 

5.45 

19 

5.60 

5.90 

6.50 

6.80 

5.70 

6.45 

5.30 

5.00 

3.75 

5.55 

5.50 

5.46 

20 

5.60 
5.55 
5.56 

6.00 
5.80 
5.75 

7.00 
6.70 
6.50 

6.45 
6.30 
6.20 

5.70 
5.70 
5.70 

5.40 
5.40 
5.40 

5.30 

6.a5 

6.25 

5.00 
5.00 
5.00 

3.70 
8.70 
3.70 

6.55 
5.55 
5.50 

5.50 
6.50 
5.50 

5.45 

21 

6.45 

22 

5.45 

23 

5.50 

6.70 

8,50 

6.10 

5.70 

6.40 

5. 25 

4.95 

4.05 

5.50 

6.50 

6.45 

24 

5.50 

5.70 

7.75 

6.10 

5.&3 

5.40 

5.25 

4.90 

6.80 

6.50 

5.45 

5.45 

2.-> 

5.50 
5.50 

5.75 
5.80 

7.10 
6.80 

6.10 
6.10 

5.65 
5.60 

5.40 
5.40 

5.20 
5.20 

4.90 

4.85 

6.60 
5.80 

5.  .50 
5.50 

5.45 
5.50 

6.75 

A» 

6.56 

27 

5.50 
5.50 

6.80 
6.60 

6.55 
6.50 

6.10 
6.10 

5.60 
5.60 

6.40 
5.a5 

6.20 
5.20 

4.80 
4.80 

5.60 
5.50 

5.50 
5.50 

5.50 
5.50 

5.60 

2« 

6.50 

29 

5.50 

6.25 

7.35 

6.05 

5.60 

5.35 

5.20 

4.70 

5.50 

5.50 

5.50 

5.  .50 

30 

5.50 

7.00 

6.00 

5.60 

6.35 

5.20 

4.65 

5.40 

5.50 

5.50 

5.50 

31 

5.50 

4 

6.80 



5.60 

— 

5.20 

1 

4.60 

— 

5.50 

1 

7.40 

iRR  la 

4—05- 
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Hating  labfefor  Arroyo  Seco  River  near  SoUdad,  Col, y  from  January  1  to  Decemi»er  31^ 

1904. 


Gage 
height. 

i 
Discharge. 

1 
Secand-fect, 

1 

(}age 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Feel. 

Second-feet. 

Feet.. 

Second'/eet.  1 

Fcft. 

Second-feet. 

5.00 

0       ' 

6.30 

230 

7.60 

930     i 

8.90 

1,960 

5.10 

0.5 

6.40 

270 

7.70 

1,000 

9.00 

2,aM) 

5.20 

1 

,     6.50 

310 

7.80 

1,070 

9.20 

2,250 

5.30 

3 

6.60 

360 

7.90 

1,140 

9.40 

2, 4H0     . 

5.40 

9 

6.70 

410 

8.00 

1,210     i 

9.60 

2,680 

5.50 

18 

6.80 

460 

8.10 

1,290 

9.80 

2,900 

5.60 

30 

6.90 

510 

1 

8.20 

1,370 

10.00 

3,140 

5.70 

48 

,    7.00 

560 

8.30 

1,450 

10.20 

3,380 

5.80 

71 

7.10 

620 

8.40 

1,530 

10.40 

3,620 

5.90 

100 

7.20 

680 

8.50 

1,610 

10.60 

3,880     • 

6.00 

130      , 

7.30 

740     1 

8.60 

1,690 

10.80 

4,140 

6.10 

160      1 

7.40 

800 

8.70 

1,780 

11.00 

4,410 

6.20 

1 

195 

1 

7.50 

860     i 

1 

8.80 

1,870 

1 

11.50 

5,150 

Estimated  monthly  discharge  of  Arroya  JSeco  near  Soledad,  Cat.,  for  1904. 


Month. 


Discharge  in  second-feet. 


January 

February 

March 

April 

May 

June 

Julv 

August 

September 

October 

November 

December 

The  year 


Maximum. 


30 

510 

1,610 

1,210 

160 

30 

6 

1 

71 

560 

24 

800 


1,610 


Minimum. 


Mean. 


14 

14 

48 

71 

30 

6 

1 

0 

0 

6 

9 

14 

0 


18 

181 

394 

214 

62 

16 

3 

0 

8 

54 

17  ' 

42 


84 


Total  in 
acre-feet. 


1,107 

10,411 

24,226 

12,734 

3,812 

952 

184 

0 

476 

3,320 

1,012 

2,582 


Jtun-ofF. 


(50,  816 


Second-feet 

per  square 

mile. 


0.08 
.83 

1.82 
.99 
.29 
.07 
.01 
.00 
.04 
.25 
.08 
.19 


.39 


Depth  in 
inches. 


0.09 
.90 
2.10 
1.10 
.33 
.08 
.01 
.00 
AH 
.29 
.09 


5.  25 
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SANTA   YNEZ   RIVER  NEAR   SANTA   BARBARA,  OAL. 

The  original  station  at  which  measuremonts  were  made  during  the 
greater  part  of  1903  is  loirateil  about  1  mile  above  the  mouth  of  Mono 
Creek.  It  was  estabHshed  November  21,  1902,  b}-  W.  B.  Clapp, 
assisted  by  Howard  Rankin.  The  gage  is  an  inclined  rod  on  the  right 
bank.  From  January  25  to  June  20,  1903,  daily  discharge  measure- 
ments were  made  by  means  of  a  cable  and  car.  The  channel  is  straight 
for  400  feet  above  and  for  600  feet  below  the  cable.  The  current  is 
sluggish  at  low  stages.  The  right  bank  is  low,  but  will  overflow  for 
onlv  a  short  distance.  There  is  an  overflow  channel  on  the  left  bank. 
The  bed  of  the  stream  is  composed  of  gravel  and  is  permanent.  The 
bench  mark  is  a  nail  in  the  root  of  the  poplar  tree  on  the  left  bank  to 
which  th6  cable  is  attached.  Its  elevation  is  7.18  feet  above  the  zero 
of  the  gage.  On  November  1,  1903,  a  new  station  was  established  at 
the  Gibraltar  dam  site  b}^  L.  M.  Hyde,  assisted  by  H.  W.  Muzzall. 
It  is  located  5  miles  below  the  original  station  and  is  below  the  mouth 
of  Mono  Creek.  It  is  9  miles  above  the  San  Marcus  ranch  and  halfway 
l)etween  the  old  quicksilver  mines.  The  gage  is  a  4  by  4  inch  inclined 
timl)er,  spiked  to  a  cottonwood  tree  on  the  right  bank.  The  tree  is 
blazed  above  the  gage  rod  for  recoixiing  stages  above  the  gage.  Dis- 
charge measurements  are  made  at  high  water  by  means  of  a  cable  20 
feet  above  the  gage.  Measurements  can  usually  be  made  by  wading. 
Weir  measurements  of  the  discharge  were  made  daily  from  De<?eml>er 
:io  to  31,  1903.  At  the  cable  the  initial  point  for  soundings  is  a  blaze 
at  the  base  of  the  cottonwood  tree  on  the  right  bank,  to  which  the  cable 
is  attached.  The  channel  is  straight  for  700  feet  above  and  for  600 
feet  below  the  station.  The  right  bank  is  low,  but  is  hot  liable  to 
overflow.  The  left  bank  rises  abruptly  about  20  feet  beyond  the  alder 
tree  to  which  the  cable  is  attached.  It  is  not  liable  to  overflow.  The 
l>ed  of  the  stream  is  composed  of  sandy  gravel,  free  from  vegetation 
and  bowlders.  The  cross  section  is  regular,  and  is  permanent.  The 
current  is  swift.  The  bench  mark  is  a  cross  on  a  l)ench  of  a  ledge  on 
the  left  bank,  about  100  feet  below  the  cable.  Its  elevation  is  13.54 
feet  alcove  the  zero  of  the  gage.  The  approximate  elevation  above  sea 
level,  as  estimated  from  topographic  maps,  is  1,200  feet. 

The  observations  at  this  station  during  1904  have  been  made  under  the 
dii-ection  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 
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Discharge  mectsuremerUs  of  Santa  Yntz  River  near  Santa  Barbara,  Col,,  in  1904- 


Date. 


January  18 

January  19 

Februarys 

Februarys 

February? 

Februarys 

February  9 

February  10... 
February  16... 

February  17 do 

February  18 ' do 

February  19 do 

February  20 do 

February  27 do 

February  28... 
February  29... 
March  1 


R.  L.  North. 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 


March  2 
March  3 
March  4 
March  5 
March  6 
March  7 


do 
do 
do 
do 
do 
do 
do 
do 
do 


March  8 ' do 

March  9 do 

March  10 do 

March  11 do 

March  12 | do 

March  13 do 

March  14 do 

March  15 do 

March  19 | do 

Mart;h20 do 

March  21 do 

March  23 | do 

March  24 * do 

March  25 1 do 

March  26 ' do 

March  27 ' do 

March  28 do 

March  29 do 

March  30 • do 


Hydrographer. 


Gsge 
hei^t. 


Feet 
2.20 
2.07 
2.28 

2.15 
2.15 
2.10 
2.08 


3.00 
2.32 


3.08 

2.44 

2.36 

2.32 

2.28 

2.20 

2.20 

2.18 

3.88 

2.82 

2.68 
2.52 
2.46 
2.43 
2.47 
2.45 


DischAiKe. 


Seetrnd/eti. 

4.32 

1.77 

3.44 

3.27 

2.35 

2.27 

2.17 

1.74 

6.89 

4.49 

2.74 

2.53 

2.11 

45.00 

96.00 

16.20 

7.00 

5.28 

4.33 

2.70 

2.95 

2.88 

2.43 

2.a3 

2.60 

2.35 

135.00 

27.00 

16.40 

11.90 

10.20 

7.24 

6.96 

6.41 

442.00 

70.00 

49.00 
30.00 
26.00 
24.00 
26.00 
25.00 
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DUcharge  meaturemaiU  of  Santa  Ynez  Rwer  fiear  SarUa  Barbara^  Cal.,  in  J 904 — Contd. 


Date. 


March  31 
April  1  . . 
April  2.. 
April  3 . . 
April  4 . . 


R.  L.  North. 

do 

do 

do 

do 


April  5 ! do 


do 
do 
do 
do 
do 


April  6 

April  7 

Aprils 

April  12 

April  13 

April  14 do 

April  15 1 do 

April  16 1 do 

....do 
....do 
....do 
....do 
....do 
....do 
....do 
....do 
....do 
....do 
....do 
....do 
....do 
....do 
....do 
....do 
....do 
....do 
....do 


April  17 

April  18 

April  19 

.\pril20 

April  21 

April  22 

April  24 

April  25 

April  27 

April  28 

April  29 

April  30 

May  2 

May  5 

May  6 

Mav7 

MaT8 

May  9 

MavlO 

Mav  14 i do 

May  15 ! do 

Mav  16 do 

m 

Mav  17 • do 

m 

May  18 do 

May  19 ! do 


Hydro^rapber. 


Mav  21 
May  22 


do 
do 


Oa«e 
hei^t. 

Diachan^e. 

1      Fed. 

Second-feet. 

2.42 

23.00 

2.37 

16.30 

2.35 

14.50 

2.33 

14.20 

2.31 

11.20 

2.32 

12.40 

2.27 

10.10 

2.26 

9.64 

2.25 

8.87 

2.20 

6.80 

2.20 

6.87 

2.19 

5.32 

2.19 

5.24 

2.21 

5.93 

2.20 

5.61 

2.20 

5.64 

3.03 

101.00 

2.83 

74.00 

2.52 

30.00 

2.47 

25.00 

2.39 

17.10 

2.37 

16.60 

2.47 

24.00 

2.46 

23.00 

2.43 

21.00 

2.43 

20.00 

2.38 

17.20 

2.32 

11.40 

2.29 

10.50 

2.28 

10.20 

2.23 

7.90 

2.23 

8.05 

2.22 

7.69 

2.19 

5.89 

2.19 

6.40 

2.15 

4.28 

2.13 

4.05 

2.16 

4.43 

2.12 

3.60 

2.12  , 

3.29 

2.12  1 

3.34 
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l/ificharge  meamrements  of  Sonta  Ynez  River  near  Santa  Jiarfxtra,  CaL,  in  1904 — Cont'd. 


Date. 


Hydrographer. 


May  23 !  R.  L.  North 

May  24 1 do 


do 
do 
do 
do 


May  25 

Mav  26 

May  27 

May  30 

May  31 do 

June  1 do 

June  2 do 

June  3 do 

June  4 do 

June  5 do 

June  6 do 

June  10 do 


Ciagf 
height. 

I>i.M'han;«», 

Feet 

Seeoiui'/tit. 

2.11 

3.13 

2.11 

3.  1« 

2.16 

4. 4:5 

2.14 

4.41 

.^.  12 

3.  32 

2.09 

2.99 

2.09 

3.12 

2,09 

2.94 

2.07 

2.60 

2.06 

2.50 

2.05 

2.2S 

2.05 

2.2S 

2.03 

2.()6 

2.01 

.94 

Menn  daily  gage  height^  in  feelj  of  iSanin  Ynez  River  near  Santa  BarlKtra,  Oi/.,  for  1904. 


Mar.     Apr. 


1 

2 

3 

4 

5 

G 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

21) 


2.20 
2.07 


2.32 
2.24 
2.22 
2.21 
2.05 


27 1    3.12 


2« 

29 

3.00 
2.30 

:» 

31 

2.21 

2.36 

2.13 

2.3-1 

2.12 

2.32 

2.09 

2.31 

2.09 

2.31 

2.09 

2.27 

2.08 

2.26 

2.08 

2.25 

2.09 

2.25 

2.70 

ft  2. 23 

2.70 

2.21 

2.44 

2.20 

2.36 

2.20 

2.30 

2.20 

2.28 

2.19 

2.40 

2.26 

2.23 

2.20 

2.21 

2.20 

2.20 

3.08 

2.20 

2.78 

2.18 

2.56 

2.18 

2.47 

3.89 

2.41 

'l.K\ 

2.39 

2.  rrfJ 

2.37 

2. 52 

2.40 

2. 45 

2.47 

2.44 

2. 42 

2.47 

2.46 

2.  14 

2.43 

2.40 

May. 

2.40 
2.38 
2.33 
2.a4 
2.32 
2.30 
2.27 
2.24 
2.23 
2.22 
2.21 
2.20 
2.20 
2.19 
2.20 
2.20 
2.13 
2. 15 
2.12 
2.13 
2.12 
2. 12 
2.12 
2.11 
2. 15 
2.14 
2. 12 
2.10 
62. 10 
2.09 
2.09 


June.    July 


2.09 
2.08 
2.06 
2.a5 
2.05 
2.03 
2.02 
2.02 
2.02 
2.01 
2.00 
2.00 


Aug. 


Sept. 


Oct. 


Nov.      Dw. 


(O 


2.16 


3.00 
8.20 
3.00 
2.60 
2.50 
2.45 
2.40 


2.37 

2.  IS 

2.  Ji) 

2.32 

2.19 

2.  LV 

2.30 

2.19 

2.21 

2.27 

2.19 

2,21 

2.26 

2.19 

2  21 

2.27 

2.19 

2  a) 

2.36 

2.19 

2.21 

2.38 

2.19 

2.20 

2.34 

2.19 

2  21 

2.32 

2.19 

2. 21 

2.29 

2.19  , 

2.21 

2.26 

2.19 

2.21 

2.26 

2.19 

2,21 

2.24 

2.20 

2-1* 

2.22 

2.20 

2.20 

2.21 

2.20 

2. 2D 

2.20 

2.20 

2.21 

2.20 

2.20 

2  21 

2.20 

2.20 

2.21 

2.20 

2.22 

2  21 

2.19 

2.22 

2.21 

2.19 

2.21 

2.21 

2.18 

2.21 

2  21 

2.18 

•2.21 

2.21 

2.18 

2.21 

2.21 

2.18 

2.21 

iJl 

2.18 

2.21 

2.21 

2.18 

2,21 

2.21 

2.18 

2.20 

2.21 

2.18 

2.20 

2-  21 

2.18 

2. :« 

«MenMinHl  over  weir:  Janniiry 

6h>timntt'<l. 

fDry:  July  15  to  SepteinlxT  23. 


1-17,  '2SS-\\\;  Fibruary  1-4. 11-15.  22-26;  June  l»-30;  July  1-M. 
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Eating  table  for  Sania  Ynez  River  near  Santa  Barbara  j  CkU.,  from  January  1  to  December 

SI,  1904. 


Gage 
height. 

1 
Discharge. 

Gage 
height. 

! 

Discharge. 

Gage 
height. 

FeeL 

Discharge. 
Second-feet. 

Gage 
height. 

Feet. 

DiNc  barge. 

f^et 

Secoml-feet. 

Feet. 

Seermd-feet. 

ikeond'Jeet. 

2.00 

0.4 

2.35 

14.7 

2.90 

82 

3.60 

306 

2.06 

1.6 

2.40 

18.5 

3.00 

103 

3.70 

353 

2.10 

2.8 

2.45 

23 

3.10 

126 

3.80 

401 

2.15 

4.5 

2.50 

28 

3.20 

154 

3.90 

451 

2.20 

6.4 

;    2.60 

1 

.        38 

3.30 

186 

4.00 

502 

2.25 

8.8   - 

2.70 

50 

3.40 

222 

2.30 

11.6 

2.80 

65 

1 
1 

'    3.50 

1 

1 

263 

Estimated  monthly  discharge  of  Santa  Ynez  River  near  Santa  Barbara,  Oal.,for  1904. 

[Drainage  area.  207  square  miles.] 


Discharge  in  seoond-feet. 


Month. 


'  Maximum. 


January  7-31 
February . . . 

March 

April 

May 

June 

July 

August , 

September . . 

October 

November . . 
December  .. 


The  period 


5, 


6.4 

131.0 

445.0 

121.0 

18. 5 

2.6 

.1 

.0 

450 

17.0 

7.4 

12.8 


Minimum. 


0.5 

.6 

2.3 

6.0 

2.6 

.1 

.0 

.0 

.0 

5.6 

5.6 

6.4 


Mean. 

0.9 
12,0 
30.2 
18.9 

6.8 
.7 

.m 

.000 
193. 
8.7 
6.4 
7.0 


Total  in 
acre-feet. 


45 

690 

l,a57 

1, 125 

418 

42 

2 

0 

11,484 

535 

381 

4:w 

17,009 


Rnn-oiT. 


Second-feet;    j^^^ 
^Lar"^;*n  inches. 


0.004 
.058 
.146 
.091 
.033 
.003 
.000 
.000 
.a32 
.042 
.031 
.  034 


0.004 
.063 
.168 
.102 
.0:^8 
.003 
.000 
.000 

l.(MO 
.048 
.  0:i5 
.039 


MONO  CREEK  AT  MONO  DAM   SITE,  CALIFORNIA. 

This  station  was  established  November  22,  1902,  by  W.  B.  Clai)p, 
assisted  by  Howard  Rankin.  It  is  located  about  one-half  mile  above 
the  junction  of  Mono  Creek  and  Santa  Ynez  River,  15  miles  above  the 
San  Marcus  ranch  and  17  miles  by  trail  from  Santa  Barbara.  The 
river  at  this  point  traverses  Mono  flat.  The  gage  is  an  inclined  tim- 
>>er  hewn  from  a  4-inch  sapling.  It  is  spiked  to  a  willow  tree  on  the 
right  bank.  The  tree  has  been  blazed  above  the  gage  for  use  in  record- 
ing flood  stages  above  the  gage  rod.     Discharge  measurements  are 
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made  by  means  of  a  cable  and  by  wading.  The  cable  is  located  about 
500  feet  below  the  dam  site  and  is  just  above  the  gage.  The  initial 
point  for  soundings  is  a  blaze  at  the  base  of  the  tree  to  which  the  cable 
is  fastened  on  the  left  bank.  The  channel  is  slightly  curved  for  about 
500  feet  above  and  below  the  station.  Both  banks  are  high  and  are 
not  liable  to  overflow.  The  bed  of  the  stream  is  composed  of  sandy 
gravel,  free  from  vegetation,  and  is  not  liable  to  shift.  The  bench 
mark  is  a  standard  United  States  Geological  Survey  bench-mark  disk 
on  a  sandstone  rock  100  feet  south  of  the  large  oak  tree  on  the  left 
bank.  Its  elevation  is  20.92  feet  above  the  zero  of  the  gage  and  1,410 
feet  above  sea  level.  The  record  of  the  discharge,  kept  by  means  of  a 
weir,  from  November  1  to  December  31,  1903,  showed  a  constant  di.s- 
charge  for  this  period  of  0.05  second-foot. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  measuremenls  of  Mono  Greek  at  Mono  dam  site,  California^  in  1904* 


Date. 


February  28. 
February  29. 
March  11  ... 
March  12  . . . 
March  13  . . . 
March  14  . . . 
March  26  . . . 
March  27  . . . 
March  29... 


Apr 
Apri 
Apr 
Apr 
Apr 
Apr 
Apr 
Apr 
Apr 
Apr 


11. 
13. 
119 
120 
121 
124 
125 
126 
127 
129 


Hydrographer. 


R.  L.  North 

....do 

do 

....do  .... 

....do 

....do 

do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do  

....do 

....do  

....do 

....do 


May  1 

May  5 

May  7 

May  9 

May  11 1 do 1.32 


Gage 
height. 

Dlaehaige. 

FM. 

Seeond-ffrt. 

1.89 

30.0 

1.41 

3.5 

1.90 

32.0 

1.48 

8.0 

1.35 

2.6 

1.33 

1 

2.3 

1.71 

18.2 

1.52 

8.2 

1.48 

7.9 

1.52 

8.1 

•  1.43 

4.1 

1.95 

34.0 

1.77 

19.4 

1.64 

9.7 

1.45 

5.4 

1.42 

4.0 

1.63 

8.9 

1.63 

8.8 

1.62 

8.2 

1.46 

6.4 

1.43 

4.2 

1.32 

2.1 

1.32 

2.0 

1.32 

2.0 
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Mean  daily  gage  height^  infeety  of  Mono  Creek  at  Mono  dam  site,  Calif oniiay  for  1904- 


Day. 


1. 

2. 


8. 

9. 
10. 
11. 
12. 
13. 
M. 
15. 
16. 
17. 
IS. 
19. 


20. 
21. 
22. 
23. 


30. 
31. 


Jan. 


(") 


Feb. 


'2h i 

26 

27 

3.05 

28 

1.89 
1.41 

1 
29 

Mar. 


1.90 
1.48 
1.35 
1.33 

(1.33) 
(1.32) 
(1.31) 
(1.30) 


2.21 
1.71 

(1.60) 
1.52 

(1.50) 
1.4« 

(1.50) 
1.52 


Apr. 


I. 

(1. 
1. 
1, 
1. 

(I. 

1. 

1. 
(1. 
(1. 
(1. 

1. 

1. 

1. 

1. 

(1. 
1. 

(I. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 

(1. 
1. 

(1. 


52 

47) 

43 

38  I 

38 

38) 

37 

35 

35) 

35) 

35) 

35 

35 

35 

35 

35) 

86 

36) 

95 

77 

64 

58 

52 

45 

42 

63 

63 

6:)) 

62 

60) 


May,      June. 


1. 
(1. 

(1- 
1. 
1. 

(1. 
1. 

(1. 
1. 

(1. 
1. 
1. 

(1. 

(1. 

1. 

(1. 
1. 

(1. 
1. 

(1. 

(1. 

1. 

(1. 
1. 

(1. 

1. 

1. 
(1. 
(1. 
(1. 

1. 


46 

47) 

48) 

49 

48  , 

87)! 

32  I 

32)1 

32  I 

32)' 

32 

89 

38) 

38) 

37 

37) 

36 

35) 

34 

34) 

36) 

35 

»l) 

33 

34) 

35 

34 

33) 

32) 

31) 

30 


(1. 
1. 
1. 

(1. 
1. 

(I. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 

(1. 

1. 

1. 

1. 

1. 

1. 

1. 

(1. 

(I. 

(1. 
1. 

I. 

(1. 


29) 

29 

29 

29) 

29 

29) 

29 

28 

25 

28 

28 

2C 

26 

25 

25 

25 

25 

25) 

25  j 

25 

25 

25 

25 

25 

25) 

24) 

23) 

22 

21 

21) 


July. 


(«>) 


a  Where  gage  heighlH  are  not  given  measurements  were  made  over  weir. 
&  Re<H>r{l  stopped  for  the  summer. 

Gage  heights  in  parentheeis  are  estimated. 

Bating  table  for  Mono  Creek  at  Mono  dam  mtey  Oilifomiay  from  January  1  to  June  SOy 

1904. 


Gage 
height. 


Discharge. 


Gaj 
height 


ige 
ght 


Discharge. 


Fert, 

Seeond/eet. 

1      Feet, 

1.10 

0.0 

1.50 

1.15 

0.2 

1.55 

1.20 

0.5 

1.60 

1.25 

1.0 

1.65 

1.80 

1.5 

;   1.70 

l.a'i 

2.4 

1.75 

1.40 

3.5 

1.80 

1.45 

5.0 

1.85 

Second-feet. 
6.6 
8.6 
11.2 
13.8 
16.8 
20 
23.5 
27 


Gage 
height. 


1.90 
1.95 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 


Disohaige. 

Second-feet. 
31 
35 
40 
54 
73 
93 
114 
137 


Gage 
height. 


Feet. 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 


Dischargo. 

Second-feet. 
162 
188 
214 
242 
270 
300 
330 
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Estimated  monthly  discharge  of  Mono  Creek  at  Mono  dam  siiey  Qdifomiay  for  1904- 


Month. 


January . 
February 
March . . . 

April 

May 

June 


DiHcharge  in  8e<*ond-feet. 


Maximum. 


The  period , 


0.07 
285 

76 

35 
6.3 
1.4 


Minimum.       Mean 


0.04 
.03 
.06 

2.4 

1.5 
.6 


0.04 
11 
6.3 
7.1 
2.8 
1.1 


Run-off. 


Total  in 
acre-feet. 


Second-feet  j 

per  sauare 

mile. 


2 
633 
387 
422 
172 
65 


Depth  in 
inches. 


1,681 


T. 

T. 

0.09 

0.10 

.05 

.06 

.06 

.07 

.02 

.02 

.01 

.01 

MALIBU   AND   TRIUMFO   CREEKS   NEAR  CALABASAS,    CAL. 

These  stations  were  established  at  Chapman's  ranch  November  2t), 
1901,  by  S.  G.  Bennett.  They  are  4:0  miles  from  Los  Angeles  by 
wagon  road  and  8  miles  southwest  of  Calabasas.  Malibu  Creek  is 
formed  by  Triumfo  and  Las  Virgines  creeks,  and  is  a  short  stream 
flowing  through  the  Santa  Monica  Mountains  artd  discharging  into  the 
Pacific  Ocean  about  15  miles  above  the  city  of  Santa  Monica,  Cal. 
Sites  for  good  storage  reservoirs  exist  in  both  of  these  drainage 
basins,  one  on  Malibu  Creek  a  short  distance  below  its  gaging  station, 
and  one  on  Triumfo  Creek  above  its  gaging  station.  The  water  from 
these  streams  could  be  used  for  irrigation  on  the  valuable  land  lying 
along  the  base  of  the  mountains  between  the  city  of  IjOs  Angeles  and 
Santa  Monica,  where  it  is  greatly  needed. 

The  channels  of  both  streams  are  poor  and  subject  to  change 
during  high  water.  They  are  located,  however,  at  the  only  point 
where  an  observer  could  be  secured.  The  excessive  cost  of  visiting 
these  statioas  has  made  it  impossible  to  obtain  as  many  meter  meas- 
urements as  desired,  but  the  observer  is  instructed  to  take  float 
velocities  during  floods  at  various  gage  heights,  and  these  data^  with 
cross  sections  and  grade  of  stream,  are  used  in  addition  to  met<u' 
measurements  for  computing  discharges  for  use  in  constructing  rating 
curves  and  tables.  The  gage  rods  for  both  stations  are  v'ertical  2  by 
6  inch  wooden  rods  graduated  to  feet  and  tenths. 

The  gaging  station  on  Malibu  Creek  is  located  about  one-fourth  mile 
below  the  mouth  of  Las  Virgines  Creek.  The  channel  above  the 
station  is  straight  for  about  600  feet,  and  below  the  station  is  curved 
for  about  300  feet,  and  the  water  is  swift.  Both  banks  are  high. 
The  right  bank  is  rocky,  and  the  bed  of  the  stream  is  composed  of 
rock  and  gravel.     The  initial  point  for  soundings  is  on  the  right 
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bank.  The  bench  mark  is  a  cross  on  a  small  projection  on  a  rock 
bluff  about  10  feet  southwest  of  the  gage  rod.  The  assumed  elevation 
of  the  bench  mark  is  530.00  feet.  The  zero  of  the  gage  rod  is  524.57 
feet  elevation. 

The  gaging  station  on  Triumfo  Creek  is  about  one-half  mile  above 
the  mouth  of  Las  Virgines  Creek.  The  channel  is  straight  for  about 
400  feet  above  and  800  feet  below  the  station,  and  the  water  is  swift. 
Both  banks  are  high  and  rocky.  The  bed  of  the  stream  is  composed 
of  gravel  and  sand  and  is  shifting.  The  initial  point  for  soundings 
is  on  the  right  bank.  The  bench  mark  is  a  cross  on  a  point  of  rock 
3.5  feet  above  the  bed  of  the  creek.  The  assumed  elevation  is  550.00 
feet.  The  zero  of  the  gage  rod  is  545.47  feet  elevation.  The  observer 
for  both  stations  is  J.  G.  Chapman. 

The  observations  at  these  stations  during  1904  have  been  made 
under  the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district 
hydrographers. 

Mean  daily  gage  Ive'ight^  infedj  of  McUibu  Creek  near  Calabasas^  CaL^for  1904. 


Day, 


1. 
•> 


3. 

4. 

5. 

G. 

7. 

H. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

IS. 

19. 

'20. 

'21. 

22. 

23. 

2J. 

2.1. 

26. 


Jan. 

1.20 
1.20 
1.20 
1.20  I 

1.20 : 

1.20  I 
1.20 


Feb.       Mar. 


Apr.       May. 


1.20 


27. 


•2S. 
29. 

:a. 

31. 


1.20  I 

1.20  ' 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 


1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.80 

1.25 

1.25 

1.20 

1.20  . 

1.20  I 

1.20 

1.20 

1.20 

1.20 

1.20 

1.25 

1.20 

1.20 


1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.60 
1.45 
1.25 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.50 
1.25 
1  20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 


1.20 
1.20 
1.20 
1.20 
1.10 
1.10 
1.10 
1.05 
1.00 
1.00 
1.05 
1.05 
1.05 
1.05 
l.a5 
1.05 
1.05 
1.05 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1. 15 
1.15 
1.15 


June.     July.   \    Got. 


Nov 


I 


1.15 

1.15 

1.15 

1.15 

1.15 

1.15 

1.15 

1.15 

1.15 

1.15 

1.10 

1.10 

1.10 

1.05 

l.OS  . 

1.05  I 

l.ttD 

1.05 

1.05 

1.05 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00  I 

1.00  ' 

l.a> 

1.05 

1.05 

1.05 


1.05 

1.05    

1.05 

106, 

1.05  ] 

(")      1 

1.05  ' 

1.05  ' 

1.05  ' 

1.06 

1.05 

1.05 

1.05 

1 

l.O) 

1 

1.05 

1.05 

i.a5 

1.05 

1.00 

i.a> 

1.00 

1.05 

1.00 

1.05 

,      1.00 

i.a5 

1.00 

1.05 

1.00 

1.05 

1.00 

1.05 

1.00 

1.% 

1.00 

1.05 

1.00 

1.06 

1.00 

1.05 

1.00 

1.05 

1.00 

1.05 

1.00 

l.te 

1.00 

1.05 

1.00 

1.00 

Deo. 


1.00 

1.15 

1.00 

1.15 

1.00 

1.20 

1.00 

1.-20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.10 

1.20 

1.10 

1.20 

1.10 

1.20 

1.15 

1.20 

1.20 

«  July  3,  riH'orrl  stop()cd  for  Hummer. 
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Rating  table  for  Malibu  Creek  near  Calabasas,  CaLffrom  March  SI,  190S^  to  December 

SI,  1904. 


Gage 
height. 

Discharge. 

Gage 
:   height. 

DLschanre. 

1 

Gage 
heigiit. 

Diflcbarge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet, 

Feet. 

Second-feet. 

Feet. 

i 
Second-feet, 

Feet. 

Second-feeL 

1.00 

1 

1.70 

44 

2.40 

265 

3.10 

720 

1.10 

2 

'     1.80 

57 

2.50 

330 

3.20 

785 

1.20 

5 

1.90 

72 

2.60 

395 

3.30 

850 

1     1.30 

10 

2.00 

95 

1 

2.70 

460 

3.40 

915 

1.40 

16 

2.10 

128 

2.80 

525 

3.50 

980 

1.50 

24 

2.20 

165 

2.90 

590 

1.60 

33 

2.30 

210 

3.00 

655 

Estimated  monthly  discharge  of  Malibu  Creek  near  Calabasas,  Cal.y  for  1904, 

[Drainage  area,  97  square  miles.] 


Month. 


January 

February 

March 

April 

May 

June 

October  15-31 
November . . . 
Dec^eniber  ... 


Discharge  in  second-feet. 


Maximum. 


The  period , 


5 
10 
33 

5 

4 

1.5 

1 

4 

5 


Minimum. 


5 
5 
4 


.5 


Mean. 


Total  in 
acre-feet. 


5.0 
5.5 
6.9 
3.0 
2.2 
1.5 
1.0 
1.2 
4.9 


307 
316 
424 
179 
135 

89 
«61 

71 
301 


1,883 


Run-off. 


Second-feet 

per  sQuare 

mile. 


0.05 
.06 
.07 
.03 
.02 
.02 
.01 
.01 

.a5 


Depth  in 
inches. 


0.06 
.06 
.08 
.03 
.02 
.02 
.01 
.01 
.06 


a  Mean  for  17  days  taken  as  mean  fur  month. 
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Mean  daily  gage  height,  in  feet,  of  Trium/o  Creek  near  CalabasaSf  (ML,  for  1904. 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17 
18. 
19. 
20 
21. 
22. 
23. 
24. 
25 
26 
27 
28 
29 
30 
31 


Jan. 


Feb. 


0.45 
.45 
.45 
.45 
.45 
.45  \ 
.45' 
.46 
.45 
.46 
.45 
.45 
.45 
.45 
.45 
.45 
.46 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.46 
.45 
.46 
.45 
.45 
.45 


I 
0.46  ' 

.45  i 

.45 

.45 

.55 

.50 

.50 

.46 

.46 

.45 

.45 


Mar. 

0.45 
.45 
.45 
.45 
.46 
.45 
.46 
.40 
.40 

1.00 
.80 


Apr. 


.45 

.50 

.46 

.45 

.45 

.45 

.55 

.45 

.65 

.46 

.00 

.45 

.60 

.45 

.55 

.45 

.50 

.45 

.50 

.45 

.50 

.45 

.50 

.90 

.60 

.60 

.60 

.55 

.50 

.60 

.60 

.50 

.50 

.50 

.60 

.45 

.45 

.46 

0.46 
.40 
.40 
.40 
.40 
.40 
.40 
.35 
.30 
.30 
.30 
.30 
.30 
.35 
.40 
.40 
.46 
.45 
.60 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 

.40 

I 
.40 


May. 


0.40 
40 
40 
40 
40 
40 
40 
40 
35 
36 
30 
25 
20 
15 
15 
10 
10 
10 
10 
10 
00 


(I Stream  entirely  dry  for  remainder  of  the  year. 

Rating  table  for  Triumfo  Creek  near  Calabascu,  Cal.,  from  March  SI,  190S,  to  Decem- 
ber 31,  1904. 


Gage 
height. 

Discharge. 
Sfcand-/eet. 

Gage 
height. 

Discharge.  , 

j 

Gage 
height. 

Diticharge. 

Gage 
height. 

Discharge. 
Second-feeL 

Iket. 

FkL 

Second-feet.  ' 

Feet. 

Second-feet. 

Feet. 

;    0.30 

0.5 

0.9 

19 

1.50 

101 

2.10 

373 

.40 

2 

1.00 

26 

1.60 

129 

2.20 

450 

.50 

4 

,     I.IO 

35 

1.70 

162 

2.30 

550 

1 

.60 

«        1 

1.20 

46 

1.80 

200 

2.40 

670 

.70 

«        1 

1.30 

60 

1.90 

250 

.80 

14 

1.40 

78 

2.00 

305 

G2 
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EHimaied  monihly  dwcMrge  of  Triumfo  Creek  near  Odahams^  Cal.jfor  1904- 

[Drainage  area.  72  mjuare  mil&n.] 


Month. 


January  . 
February 
March... 

April 

Mav 


The  period 


Discharge  in  second-feet. 

Maximum. 

Minimum. 

Mean. 

3 

3 

3 

8 

3 

4.1 

26 

2 

4.8 

4 

0.5 

1.8 

2 

0 

.6 

Run-off. 


Total  in 
acre-feet. 


Second-feet 

per  .square 

mile. 


184 
236 
295 
107 
37 

859 


0.04  , 
.06  ' 
.07 
.02 
.01 


Depth  in 
inche^, 


o.ai 

.06 
.08 
.02 
.01 


SAN   GABRIEL   RIVER   AND   CANALS   NEAR  AZUSA,  CAL. 

Owing  to  the  numerous  diversions  it  has  been  difficult  to  obtain 
accurate  discharge  measurements  at  Azusa;  but  during  1898  the  San 
Gabriel  Electric  Company  completed  its  system,  and  measurements 
are  now  obtained  with  greater  ease  and  hence  with  greater  aceurac}'. 
The  head  works  of  this  company  are  located  about  6  miles  above  the 
mouth  of  the  canyon;  the  water  is  carried  along  the  left  side  by  a 
series  of  tunnels  and  conduits,  and  a  head  of  400  feet  is  obtained 
where  the  electric  power  is  generated.  Weirs  are  placed  on  the  con- 
duit of  the  electric  company,  and  the  water  is  measured  at* this  ix)int. 
The  capacity  of  the  conduit  is  80  second-feet. 

The  cable  and  gage  are  located  about  1  mile  from  Azusa.  During 
the  season  of  low  water  for  a  period  of  from  six  to  eight  months  the 
canals  above  the  station  divert  the  entire  flow,  and  there  is  no  running 
water  at  the  station.  The  gage  is  a  vertical  4  by  4  inch  timber.  Dis- 
charge measurements  are  made  by  means  of  a  cable.  The  channel  is 
straight  for  150  feet  above  and  for  500  feet  below  the  cable,  and 
has  a  width  of  280  feet  at  high  water.  At  low  stages  there  are  two 
channels  having  different  elevations,  and  accurate  measurements  are 
difficult  to  obtain.  The  bed  of  the  stream  is  composed  of  cobblestones 
and  bowlders,  and  the  current  is  swift. 

The  total  flow  of  the  river  is  obtained  by  adding  the  daily  discharge 
for  the  river  to  the  figures  for  the  corresponding  dates  for  the  canals. 
The  observer  is  H.  F.  Parkinson. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydro^- 
raphers. 
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Dh^harye  mfusurnnenl  of  San  Oahri^l  River  and  canals  m*ar  Aziim^  (XiL^fvr  r.:04. 


Date. 


Hydrographcr. 


March  18 I  E.G.  Murphy 

IW.  B.  Clapp.. 


April  8 


April  19 


1 


2.. 

3.. 

4. 

h.. 

6.. 

1. . 

9.. 
10.. 
11.. 

12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
\h.. 
19.. 

•ii. 

'iS., 

21. 

Zi. 

26. 

27. 

28. 

29. 

30. 

31. 


W.  B.  Clapp. 


W.  B,  Clapp. 
R.  P.  Webb . 


(iasc 
heiifht 


00  I 
Weir.  I 


1.30 
Weir. 


1.58  ^ 
Weir,  i 


DincharRe. 

Remarkx. 

Second-feet. 

00 

River, 

43 

Canal. 

43 

Total. 

14 

River. 

68 

Canal. 

82 

Total. 

38 

River. 

66 

Canal. 

104 

Total. 

Mean  daily  gage  fwighl,  in  feet,  of  San  Gabriel  River  near  AzuiKif  Cal.,for  lfK>4* 


Day. 


Jan. 
"0.00 

Feb. 
0.00 

Mar. 

Apr. 

May. 

1.30 

1.70 

1.50 

.00 

.00 

1.10 

1.60 

1.50 

.00 

.00 

a. 00 

1.56 

1.45 

.00 

.00 

.00 

1.50 

1.40 

.00 

.00 

.00 

1.40 

1.40 

.00 

.00 

.00 

1.40 

1.85 

.00 

.00 

.00 

1.35 

1.30 

.00 

.00 

.00 

1.30 

1.25 

.00 

.00 

.00 

1.20 

1.20 

.00 

.00 

.00 

1.10 

1.16 

.00 

.00 

1.85 

.90 

1.10 

.00 

.00 

1.20 

.75 

1.00 

.00 

.00 

.90 

o.OO 

.80 

;  ■« 

.00 

a. 00 

.00 

b.OO 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

,        .00 

.00 

.oo 

I) 

.00 

.00 

.00 

.00 

.0 

.00 

.00 

.00 

.00 

.00 

1.65 

.00 

'        .00 

.00 

.00 

1.70 

.00 

1        .00 

.00 

.00 

1.60 

.00 

!        .00 

.00 

.00 

1.40 

.00 

.00 

.00 

4.15 

1.35 

.00 

.00 

.00 

2.40 

1.80 

.CO 

.00 

.00 

2.00 

1.20 

.00 

.00 

.00 

1.80 

1.60 

.00 

.00 

.00 

1.70 

1.  15 

.00 

.00 

3.20 

1.70 

1.40 

.CO 

.00 

1.70 

2.00 

1.40 

.00 

.00 



1.90 

1.40  i 

.00 

.00 

1.80 

1 

1 

.00 

a  River  dry  at  rod:  Jan.  1-Feb.  27;  Mar.  a-10;  Mar.  14-22;  Apr.  13-18. 
b  River  dry  at  rod  remainder  of  the  year.    (See  canals.) 
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Mean  daily  discharge,  in  second-feet ^  of  San  Gabriel  canals  near  Azusa^  Cal.^  for  1904- 


Day. 

Jan. 

24.0 
24.0 
24.0 
24.0 
24.0 
23.5 
23.3 
24.0 
24.5 
24.5 
24.5 
24.0 
24.0 
23.5 
23.5 
'a.b 
23.6 
28.2 
27.4 
27.4 
25.5 
^2 
24.6 
24.5 
24.5 
24.5 
24.0 
23.5 
23.5 
23.5 
23.0 

Feb. 

23.0 
23.5 
23.5 
23.5 
59.0 
37.0 
31.5 
31.0 
30.0 
30.0 
80.0 
28.0 
28.0 
28.0 
28.0 
40.0 
41.0 
38.0 
34.5 
33.0 
31.4 
30.8 
30.0 
29.5 
29.5 
29.5 
30.0 
00.0 
38.0 

Mar. 

Apr. 

66.0 
66.0 
66.0 
66.0 
66.0 
66.0 
66.0 
68.0 
68.0 
68.0 
68.0 
68.0 
66.0 
64.0 
64.0 
61.0 
58.0 
67.0 
66.0 
66.0 
66.0 
66.0 
67.0 
67.0 
67.0 
67.0 
67.0 
67.0 
67.0 
67.0 

May. 

June. 

July. 

18.0 
17.5 
17.0 
17.0 
16.5 
16.0 
16.0 
15.7 
15.5 
15.0 
13.8 
14.0 
14.3 
15.5 
15.0 
15.0 
14.0 
14.0 
13.0 
12.5 
11.8 
12.0 
12.0 
11.1 
11.0 
11.0 
12.0 
11.5 
12.0 
12.0 
11.0 

Aug. 

10.0 
9.5 
10.0 
10.0 
10.0 
10.0 
12.0 
12.7 
11.5 
11.5 
11.0 
10.0 
29.0 
15.0 
14.6 
14.0 
14.0 
13.7 
13.7 
13.7 
18.6 
15.0 
15.0 
14.5 
14.5 
13.0 
12.5 
11.5 
11.3 
11.0 
11.0 

Sept. 

11.0 

10.8 

10.6 

10.5 

10.0 

9.0 

8.5 

7.5 

8.5 

9.5 

9.5 

9.6 

12.5 

11.5 

11.0 

10.0 

11.0 

12.0 

12.0 

12.0 

12.0 

12.0 

11.0 

liO 

12,7 

13.6 

12.5 

12.0 

10.5 

10.5 

Oct. 

10.5 
9.0 
10.0 
10.0 
11.0 
12.0 
12.5 
15.0 
15.5 
15.5 
15.5 
14.5 
13.5 
13.0 
13.5 
13.5 
12.0 
11.5 
10.5 
9.5 
10.0 
10.5 
11.0 
11.0 
11. 0 
11.5 
11.5 
11.5 
12.0 
12.6 
12.6 

Nov. 

Dec. 

1 

47.0 
51.5 
47.0 
42.0 
40.0 
38.0 
37.5 
35.5 
35.0 
35.5 
60.0 
60.0 
56.0 
51.0 
49.0 
46.0 
41.5 
42.6 
41.5 
50.0 
48.0 
46.0 
62.0 
62.0 
62.0 
62.0 
62.0 
62.0 
66.0 
66.0 
66.0 

67.0 
67.0 
67.0 
67.0 
67.0 
67.0 
67.0 
67.0 
67.0 
67.0 
67.0 
66.0 
65.0 
64.0 
61.0 
59.0 
56.0 
55.0 
53.0 
51.0 
49.0 
48.0 
44.5 
44.5 
46.0 
51.0 
46.5 
40.0 
40.0 
37.0 
38.0 

38.0 
86.5 

as.  5 

32.5 
32.0 
31.0 
30.0 
30.0 
29.0 
28.0 
26.5 
25.2 
25.2 
23.0 
24.0 
23.0 
22.6 
22.0 
22.0 
22.0 
25.0 
23.0 
23.0 
23.0 
22.0 
19.0 
18.5 
18.5 
18,5 
17.5 

12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.0 
11.0 
11.0 
11.5 
1*2.0 
12.5 
12.6 
12.6 
12.5 
12.6 
13.3 
13.0 
13.5 
13.6 
13.5 
13.6 
13.0 
13.0 
13.6 
14.0 
14.0 
14.5 
14.5 

15.0 

2 

15.3 

3 

15.3 

4 

15.3 

5 

1.^3 

6 

14.7 

7 

15.2 

8 

15.3 

9 ; 

16.0 

10 

16.0 

11 

16.0 

12 

16.0 

13 

16.0 

14 

16.0 

15 

16.0 

16 

16.0 

IV 

18 

16.0 
16.0 

19 

16.0 

20 

15.5 

21 

15.7 

22 

16.3 

23 

16.8 

24 

17.0 

25 

26 

27 

16.7 
16.0 
16.7 

28 

16.6 

29 

16.0 

.30 

16.0 

31 

4S.0 

Rating  table  for  San  Gabriel  River  near  Azusa,  Cal.,  from  January  1  to  December  SI , 

1904. 


Gage 
height. 

Discharge. 
Seeond-ff'ti. 

'     Gage 
height. 

Ftrt. 

Discharge. 

Gage 
height. 

Feet. 

Dischaii^e. 

1 

Gage 
height. 

Feet. 

Diftcharge. 

Feet. 

Second'ftet. 

Second-Jeet. 

Seeond/ai, 

0.60 

1 

2.00 

92 

3.40 

535 

5.60 

2,855 

.70 

2.10 

107 

3.50 

590 

.5.80 

3,180 

.80 

4 

■     2.20 

125 

3.60 

652 

6.00 

3,525 

.90 

7 

2.30 

144 

3.70 

720 

6.20 

3,890 

1.00 

10 

2.40 

164 

3.80 

792     1 

6.40 

4,275 

1.10 

13 

1     2.50 

186 

3.90 

867 

6.60 

4,683 

1.20 

18 

2.60 

211 

4.00 

945 

6.80 

5,120 

1.30 

24 

i     2.70 

240 

4.20 

1,110 

7.00 

5,580 

1.40 

30 

2.80 

273 

4.40 

1,295 

7.20 

6,072 

1.50 

37 

1     2.90 

310 

4.60 

1,500 

7.40 

6,610 

1.60 

45 

3.00 

350 

'     4.80 

1,728 

7.60 

7,205 

1.70 

54 

3.10 

393 

1     5.00 

1,980 

7.80 

7,870    i 

1.80 

65 

3.20 

438 

5.20 

2,254 

8.00 

8,600 

1.90 

78 

3.30 

485 

i     5.40 

2, 549 

CLAPP.] 
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Kfthiiated  monthly  diacharge  of  San  Gabriel  River  and  canals  near  Azuaa,  Cal.^Jor  1904.^ 

[Drainage  area,  222  square  miles.] 


Month. 


Discharge  in  second-feet. 


I 


Maximum.     Minimum. 


January 28. 2 

m 

February 438 

March 1,130 

April 120 

May 104 

June 38 

July ,  18 

August 29 

September 13.5 

October 15. 5 

November 14. 5 

December 48 

The  year 1,130 


23 

23 

35 

57 

37 

17.5 

11.0 
9.5 
7.5 
9.0 

11.0 

14.7 


Mean. 


Total  in 
acre-feet. 


24.4 

1,500 

47.7 

2,744 

110.8 

6,813 

89.7 

5,337 

66.5 

4,089 

25.5 

1,517 

14.0 

861 

12.9 

793 

10.8 

643 

12.0 

738 

12.8 

762 

16.9 

1,039 

37 

26,836 

Run-off. 


Second-feet '  tv«^.k  i.. 


.17 


0.11 

0.13 

f21 

.23 

.50 

.58 

.40 

.45 

.30 

.35 

.11 

.12 

.06 

.07 

.06 

.07 

.05 

.06 

.05 

.06 

.06 

.07 

.08 

.09 

2.28 


a  Includes  water  in  canals. 


SAN   LULS   REY    RIVER   NEAR   PALA,  CAL. 

This  station  was  established  October  9,  1903,  by  W.  B.  Clapp.  It 
is  located  at  Sickler's  mill,  4  miles  above  Pala,  Cal.  It  is  reached  by 
driving  from  Fallbrook  or  Escondido,  stations  on  the  Southern  Cali- 
fornia Railway,  18  and  25  miles  distant,  respectively.  The  gage  is  an 
inclined  2 -by  4  inch  rod,  graduated  to  feet  and  tenths,  spiked  to  tree 
stumps  and  stakes  at  the  left  bank  of  the  river.  It  is  read  once  each 
day  by  M.  M.  Sickler.  Discharge  mea.surements  aie  usually  made  by 
wading.  During  high  water  they  are  made  from  a  car  suspended  from 
a  }-inch  galvanized  iron  wire  cable  stretched  across  the  river  at  the 
gage.  The  initial  point  for  soundings  is  the  base  of  the  oak  tree  to 
which  the  left  end  of  the  cable  is  fastened.  The  channel  is  straight 
for  about  800  feet  above  and  for  2,000  feet  below  the  station.  The 
grade  of  the  stream  is  0.60  feet  in  100  feet.  The  current  is  swift. 
The  right  bank  rises  abruptly  about  15  feet  beyond  the  oak  tree  to 
which  the  cable  is  fastened  and  is  not  liable  to  overflow.  The  left 
bank  is  low,  but  is  not  liable  to  overflow.  It  was  once  a  portion  of 
the  river  channel,  but  is  now  well  above  high-water  marks.  The  b'^d 
of  the  stream  is  rocky  in  portions  of  the  flood  channel,  but  the  low- 
water  channel  is  clear  of  rocks.  There  is  a  considerable  growth  of 
small  timber  in  the  channel,  but  this  has  been  cleared  che  entire  width 
ISR  134—05 5 
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of  the  cross  section  for  a  distance  of  100  feet  above  and  50  feet  below 
the  station.  This  timber  growth  is  not  permanent,  being  washed  out 
by  floods  every  few  years.  The  bench  mark  is  a  United  States  stand- 
ard bronze-capped  iron  post  set  flush  with  the  ground  on  the  right 
bank  of  the  river  and  the  north  side  of  the  wagon  road,  and  about  50 
feet  west  from  the  line  of  the  cable  prolonged.  Its  elevation  is  557 
feet  above  mean  sea  level,  and  26.98  feet  above  the  zero  of  the  gage. 
The  observations  at  this  station  during  1904  have  l>een  made 
under  the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district 
hydrographers. 


Mean  daily  gage  height^  infeet^  of  San  Luu  Rey  Rwer  near  Pala,  Cal.^for  1904- 


Day. 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
90 
81 


Jan. 


1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 


Feb.    I   Mar. 


1.74 

1.74 

1.74  i 

1.74 

1.86 

1.80 

1.80 

1.80 

1.79  I 

1.78  I 

1.78 

1.78 

1.78 

1.78 

1.78 

1.80 

1.82 

1.80 

1.80 

1.80 

1.80 

1.79 

1.79 

1.78 

1.78 

1.78 

1.78 

1.78 

1.88 


1.87 
1.84 
1.82 
1.79 
1.77 
1.77 
J.77 
1.77 
1.77 
1.77 
1.95 
1.82 
1.80 
1.77 
1.75 
1.75 
1.75 
1.75 
1.77 
1.82 
1.77 
1.77 
3.50 
2.61 
2.31 
2.22 
2.18 
2.10 
2.52 
2.50 
2.50 


Apr.      May. 


2.32 
2.28 
2.24 
2.20 
2.18 
2.10 
2.08 
2.05 
2.05 
2.05 
2.04 
2.00 
1.95 
1.90 
1.85 
1.80 
1.78 
1.78 
1.78 
l.a*) 
1.86 
1.80 
1.80 
1.80 
1.79 
1.82 
1.82 
1.80 
1.80 
1.80 


1.80 
1.90 
1.85 
1.80 
1.78 
1.75 
1.75 
1.74 
1.74 
1.78 
1.73 
1.72 
1.72 
1.72 
1.71 
1.71 
1.71 
1.71 
1.71 
1.71 
1.71 
1.71 
1.71 
1.71 
1.71 
1.70 
1.70 
1.70 
1.69 
1. 09 
1.6S 


June. 


Sept. 


1.68 
1.68 
1.68 
1.68 
1.69 
1.69 
1.69 
1.68 
1.67 
1.67 
1.67 
1.66 
1.66 
1.65 
1.65 
1.64 
1.64 
1.65 
1.65 
1.66 
1.66 
1.65 
1.65 
1.65 
1.65 
1.66 
1.65 
1.G5 

r.cu 

"1.65 


2.08 


I 


1.70 
1.52 
1.40 
1.40 
1.40 
1.40 
1.41 
1.40 
1.40 
1.40 
1.40 
1.40 
1.41 
1.40 
1.39 
1.39 
1.40 
1.3'J 
1.40 
1.41 
1.41 
1.40 


1.40 

1.45 

1.40 

1.56 

1.41 

1.56 

1.40 

l.f© 

1.40 

l,fS 

1.40 

1.55 

1.39 

1.55 

1.39 

1.55 

1.39 

l..V» 

1.39 

1.55 

1.39 

1.66 

1.39 

1.55 

1.39 

1.50 

1.39 

1.4-> 

1.39 

1.40 

1.40 

1.40 

1.41 

1.  10 

1.42 

1.  10 

1.4S 

1.40 

1.45 

1.40 

1.45 

1.40 

1.45 

1.40 

1.45 

1.45 

1.45 

1.45 

1.45 

1.45 

1.45 

1.45 

1.45 

1.46 

1.45 

1.45 

1.46 

1.45 

1.45 

i.4:» 

1.60 


a  Gage  obeervatioiu  discontinued  until  October  10. 
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SANTA  ANA  RIVER   NEAR  MENTONK,  CAL. 

Tbis  station  was  established  in  June,  1896.  It  is  located  5  miles 
northeast  of  Mentone,  Cal.,  three-fourths  of  a  mile  below  the  head 
works  of  the  Mentone  Power  Company's  canal,  and  opposite  the  warm 
springs  in  the  canyon. 

The  Edison  Electric  Company  diverts  the  greater  portion  of  the 
water  of  Santa  Ana  River  above  the  gaging  station,  but  also  returns 
all  of  it  above  the  station.  They,  however,  allow  only  limited  por- 
tions of  the  water  to  pass  out  of  their  conduits  during  certain  hours 
of  the  day,  holding  back  the  water  for  the  puipose  of  obtaining  addi- 
tional power  when  the  greatest  demand  exists. 

The  Mentone  Power  Company's  canal,  formerly  called  the  Santa 
Ana  canal,  diverts  water  above  the  station,  all  of  which  is  returned 
below  the  point  of  measurement.  During  the  low-water  season  the 
entire  flow  of  the  river  is  diveiled  by  the  canals.  The  gage  is  an 
inclined  4  by  6  inch  timber  fastened  to  a  large  bowlder  on  the  left 
bank.  The  channel  was  deepened  b}'  a  flood  March  31,  1908,  and  the 
gage  was  accordingly  lowered  to  reach  low-water  stages  June  30, 11)03. 
The  gage  is  read  once  each  day  by  A.  Laird.  Discharge  measurements 
are  made  by  means  of  a  cable  and  car,  100  feet  below  the  gage.  The 
initiar{X)int  for  soundings  is  the  bench-mark  spike  set  in  the  north 
side  of  a  cottonwood  tree  on  the  left  bank,  30  feet  west  of  the  tree  to 
which  the  cable  is  fastened.  The^  channel  is  straight  for  100  feet 
above  and  below  the  station,  and  has  a  width  of  22  feet  at  low  and  125 
feet  at  high  stages.  The  current  is  swift  at  all  stages.  At  flood 
stages  the  velocity  is  so  high  that  measurements  can  he  made  onl}-  by 
means  of  floats.  The  right  bank  is  low  and  is  liable  to  overflow  at 
flood  stages  for  about  100  feet.  The  left  bank  is  low,  but  is  not  liable 
to  overflow.  Both  banks  are  overgrown  with  alders.  The  bed  of  the 
stream  is  composed  of  firm  sand  and  small  bowlders;  it  is  subject  to 
considerable  change  during  floo<l  stages.  The  bench  mark,  which  is 
also  used  as  the  initial  point  for  soundings,  is  a  spike  in  the  north  side 
of  the  cottonwood  tree  on  the  left  bank,  30  feet  west  of  the  tree  to 
which  the  cable  is  fastened.  Its  elevation  is  7.29  feet  above  the  zero 
of  the  gage. 

The  observations  of  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 
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Discharge  measurements  of  Sanla  Ana  River  near  Merdone,  CW.,  in  1904. 


Date. 

Hydrographer. 

Gage 
height. 

Discharge. 

RemarkR. 

January  29 

W.  B.  Clapp... 
do 

Feel. 
Weir.... 

1.15 
Weir. 

1.25 
Weir. 

1.10 
Weir. 

1.65 
Weir. 

1.38 
Weir. 

1.25 
Weir. 

1.40 
Weir. 

1.45 
Weir. 

Second'fecl. 
26 

Men  tone  Power  Co. 'scranal; 
total  for  river. 

March  4 

21 

12 

River. 

do 

Men  tone  Power  Co.'e  canal. 

March  12 

33 

26 
17 

Total  for  river. 
River. 

rW.  B.  Clapp... 
IE.  C.  Murphy.. 

W.  B.  Clapp... 
do 

Men  tone  Power  Co.*  8  canal. 

43 

Total  for  river. 

March  22 

20 
19 

River. 

Mentone  Power  Co. 's canal. 

39 

Total  for  river. 

April  20 

49 
19 

River. 

Mentone  Power  Co.  'e  canal. 

April  21 

68 

24 
35 

Total  for  river. 
River. 

do 

Mentone  Power  Co. *8 canal. 

59 

Total  for  river. 

Mav  14 

16 
20 

River. 

V 

do 

Mentone  Power  Co.  *b  canal. 

36 

Total  for  river. 

May  28 

21 

18 

River. 

do 

Mentone  Power  Co. '  a  canal. 

39 

Total  for  river. 

June  29 

24 
22 

River, 

do 

Mentone  Power  Co.'s  canal. 

46 

Total  for  river. 

September  21 . . 

2 
56 

River. 

• 

E.  C.  TARue... 

Mentone  Power  Co.* 8  canal. 

.83 
Weir. 

November  11... 

58 

1 

18 
19 

Total  for  river. 

River. 

Mentone  Power  Co.  *s  canal. 
Total  for  river. 

CLAPP.] 
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Baling  table  for  Santa  Ana  River  ntar  Mentone,  CaL^  from  Jammry  I  to  March  31,  J9(H. 


Gwe 
height. 

1 
Discharge. 

-Qafe 
height. 

Dischi 
Second 

FeeL 

Seeondrfeet, 

Ftet, 

0.35 

0 

0.80 

.40 

1 

.85 

.45 

2 

.90 

.50 

3 

.95 

.55 

4 

1.00 

.60 

5     , 

1.10 

.65 

6 

1.20 

.70 

7 

1.30    ' 

.75 

9 

1.40 

Gage 


10 
11 
13 
15 
16 
20 
24 
30 
36 


Feet. 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 


Senmd-feet. 

43 

51 

60 

69 

79 

91 

102 

114 

129 


Gage 
height 

PkL 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 


Discharge. 

Seamd'/eel, 
144 
161 
179 
199 
221 
245 
280 


Rating  table  for  Sania  Ana  River  near  Menioite,  Cat.,  from  April  1  to  December  SI,  1904. 


Gage 
height. 


FKt, 

0.80 
.85 
.90 
.95 

1.00 


Discharge.       i,el^t.      Discharge.       hei^^^t.   '  l>»s*'harge 


Discharge. 


Second-fed.. 
1 

1.5 
2 
3 
5 


Feet. 

1.10 

1.20 

1.30 

1.40 

1.50 


Second-fed. 
9 
12 
17 
23 
29 


!l 


Two  tables  were  necessar}'  on  account  of  change  in  channel  on  April  1,  1904. 

Estimated  monthly  discharge  of  Santa  Ana  Rivir^  near  Menloney  Cal.yfor  1904-^ 


Month. 


Jaimary 

Febniarv 

March 

April 

Mav 

m 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


28 
94 
280 
106 
48 
50 
52 
56 
58 
56 
22 
23 

280 


24 

26 

28 

36 

34 

37 

37 

35 

40 

22 

17.7 

18.4 


Mean. 


Total  in 
acre-feet. 


17.7 


26 
33 
64 
53 
41 
44 
45 
46 
50 
48 
20 
20 

41 


1,599 
1,S98 
3,935 
3,154 
2,521 
2,618 
2,767 
2,828 
2, 975 
2, 951 
1,190 
1,230 

29,666 


Run-off. 


Second-feet 

]>er  square 

mile. 


0.14 
.18 
.  35 
.29 
.23 
.24 
.25 
.25 
.27 
.26 
.11 
.11 


22 


Depth  in 
inches. 


0.16 
.19 
.40 
.32 
.27 
.27 
.29 
.29 
.30 

.;^ 

.12 
.13 

3.04 


(■Estimated  monthly  discharge  includcH  Mentone  Power  ('ompany's  canal. 
^ River  received  water  from  Bear  Valley  reservoir  to  October  81, 1904. 
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SANTA   MARIA    RIVER  NEAR  SANTA   MARIA,  GAL. 

This  station  was  established  October  22,  1903,  \ry  W.  B.  Clapp.  It 
is  located  near  the  ranch  house  on  Dutard's  ranch,  21  miles  above 
Santa  Maria,  Cal.,  a  station  on  the  Pacific  Coast  Railway.  It  is 
reached  by  driving  from  Santa  Maria.  The  gage  is  an  inclined  2  by  6 
inch  timber  graduated  to  feet  and  tenths  and  fastened  to  a  rock  ledge 
at  the  right  bank.  It  is  read  once  each  day  by  Joseph  A.  Thompson. 
At  low  and  medium  water,  discharge  measurements  are  made  with 
meter  b\'  wading.  During  high  water,  velocities  are  measured  by 
means  of  floats.  For  this  purpose  two  wires  are  stretched  across  the 
stream  254  feet  apart.  The  measuring  stations  are  marked  on  each 
wire.  The  initial  points  for  soundings  are  blazes  on  the  poplar  trees 
on  the  left  bank,  to  which  the  wires  are  attached.  The  channel  is 
slightly  curved  for  300  feet  above,  and  curved  for  1,000  feet  below 
the  station.  The  water  is  swift  at  medium  and  flood  stages.  The 
rise  in  the  channel  above  the  upper  wire  is  0.40  foot  in  100  feet,  and 
below  the  upper  wire  it  is  0.57  foot  in  100  feet.  The  right  bank  is 
high  and  rock}^  and  not  liable  to  overflow.  The  left  bank  is  low, 
covered  with  scattering  poplar  trees,  but  not  liable  to  overflow.  The 
bed  of  the  stream  is  composed  of  sand  and  gravel.  A  portion  of  the 
bed  is  covered  with  a  light  growth  of  low  brush.  The  channel  is  not 
liable  to  much  change.  The  bench  mark  is  a  spike  driven,  near  the 
ground,  into  the  south  side  of  the  poplar  tree  to  which  the  upper  wire 
is  fastened  on  the  left  bank  of  the  stream.  Its  elevation  is  9.65  feet 
above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  h>'drographers. 

Discharge  measure inentH  of  Santa  Maria  River  near  Santa  Maria f  Cal.y  in  1904» 


Date. 


February  18 
March  12... 
March  24 . . . 


Hydrographer. 


Gage 
hei^t. 


\V.  B.  Clapp  . . . 
J.  A.  Thompson 
do 


Feet. 
2.65 
3.60 
4.00 


DiflchaTKe. 

Seeond'/eet. 
15.5 

«220 
a  499 


a  Float  measurements. 


TLAPT.] 
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Menu  daihf  giige  heighly  in  feet^  of  Santa  Maria  River  near  Santa  Maria^  Col.  ^  for  1904, 


Dav. 

• 

Jim. 

Feb, 

Mar. 

2.60 
2.57 
2.55 
2.50 
2.45 
2.40 
2.38 
2.36 
2.35 
2.35 
2.70 
3.60 
3.00 
3.40 
2.80 
2.65 

2.eo 

2.50 
2.40 
2.50 
2.45 
2.43 
3.00 
2.80 
3.00 
2.70 
2.75 
2.60 
2.90 
2.70 
2.60 

Apr. 

May. 

June. 

1.80 
1.80 
1.80 
1.80 
1.80 

Oct. 

Nov. 

Deo. 

1 

2 

3 

4 

_ 

•1.. 

2.30 
2.  SO 
2.30 
2.30 
2.20 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.40 
2.40 
2.40 
2.40 
2.40 
2.L9 
2.8'. 

I)    on 

2.38 
2.38 
2.38 
2.88 
2.38 
2.38 

2.38 
2.38 
2.38 
2.38 
2.50 
2.50 
2.50 
2.50 
2.45 
2.43 
2.41 
2.41 
2.50 
2. 4  J 
2.48 
3.10 
2.70 
2.65 
2.60 
2.58 
2.50 
2.50 
2.48 
2.45 
2.40 
2.40 
2.40 
2.80 
2  60 

2.63        2.20 
2.60  ^      2.20 
2.45        2.20 
2.30  ^      2.18 
2.27  1      2.15 

3.95 
3.50 
3.50 
3.50 
3.50 
3.50 
3.65 
3.80 
3.83 
3.85 
3.90 
3.50 
3.00 
2.50 
2.49 
2.48 
2.48 
2.48 
2.47 
2.46 
2.46 
2.45 
2.45 
2.45 
2.45 
2.46 
2.48 
2.48 
2.49 
2. 50 
2.50 

2.50 
2.50 
2.50 
2.50 
2.51 
2.51 
2.50 
2.49 
2.49 
2.49 
2,51 
2.54 
2.65 
2.55 
2.54 
2.54 
2.53 
2.58 
2,53 
2.53 
2.53 
2.58 
2.53 
2.53 
2.63 
2.53 
2.53 
2.53 
2.53 
2.53 

2.53 
2.56 
2.57 
2.60 
2.60 

6 

2.20  !      2.15         1.80 
2.15'      2.15  i      1.80 
2.11         2.15         1.80 

2.62 
2.62 

8 

2.63 

9 

2.05  -2.10 

2.06  2.05 

1.80 
1.80 

2.61 

10 

2.60 

11 

2.06 
2.05 
2.05 

2.00         1.80 
2.00  1      1.80 
2.00         1.80 

2.68 

12 

2.66 

13 

2.66 

14 

2.05         1.90  !      1.80 

2.68 

15 

2.05 
2.06 
2.05 
2.05 
2.20 
2.40 
2.30 
2.30 

1.90 
1.87 
1.85 
1.80 
1.80 
1.85 
1.85 

l.SO 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 

2.68 

16 _ 

n 

18 

19 

20 

21 

2.68 
2.68 
2.09 
2.68 
2.09 
2.70 

22 

1.85         1.80 

2.70 

23 

2.20         1-85         1.80 

2.71 

24 

2.20 
2.20 
2.80 
2.40 
2,35 

1.85         1.80 
1.85         1.80 
1.85         1.80 
1.82         1.80 
1.80         1.80 

2.70 

25 

2.71 

26 

2.72 

27 

2.72 

28 

2.70 

29 

2.20         1.80         1.80 

2.70 

M 

31 

2.20  1      1.80 

1.80 

1 

1.80 

(°) 

ptembei 

2.70 
3.00 

a  No 

gagere^ 

?ord  duT 

Ing  July 

,  AUgUHt 

t,  and  Ki> 

Rating  table  far  Santa  Maria  River  near  Sania  Maria^  Cal.j  from  January  1  to  December 

SI,  1904. 


1 

Gage 
height. 

Frtt. 

DIschaige. 

1 

Oage 
height. 

DiHTharge. 

Gage 
height. 

Discharge. 

Gage 
1    height. 

Feet, 

Discharge. 

Serand-feet. 

Feet. 

Second-fcrl.  ; 

Feet. 

Second-feet. 

1 
1 

Sectmd'/tet. 

1.75                0.0 

2.20 

3 

2.90 

40 

3.60 

220 

1.80                 .2 

2.30 

5 

3.00 

53 

3.70 

265 

1.85                 .3 

2.40 

.  7 

3.10 

70 

3.80 

325 ; 

1.90                 .5 

2.50 

10 

3.20 

90 

3.  90 

400 

1.95                 .7 

2.60 

13 

3.30 

115 

4.00 

500 

2.00 

1 

2.70 

18 

3.40 

140 

2.10 

1 

2 

2.80 

27 

3.50 

175 

1 
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Estimated  monthly  discharge  of  Santa  Maria  Rii^er  near  Santa  Maria^  Cal.^  for  1904. 


Month. 


Diflcharge  in  second- feet. 


Maximum.     Minimum.       Mean. 


Total  in 
acre-feet. 


January 
February 
March  . . 
April  ... 
May 


June 

October . . . 
November 
December . 


70 

220 

14    . 

3 

.2 

450 

12 

53 


5 
t 

6 

1.5 
.2 
.2 
8 

10 
11 


5.9 

:iii3 

12.2 

702 

28.2 

i,7;« 

4.0 

2;is 

1.1 

68 

.2 

12 

109.0 

6, 7(n> 

10.7 

6:c 

17.3 

l,0t>4 

The  perio<l 


I 


11,520 


MOHAVE    RIVER   AT   VICTORV'ILLE,    CAL. 

At  Victorville,  a  station  on  the  Atchison,  Topeka  and  Santa  Fe  Rail- 
way, the  river  passevS  through  a  narrow  gorge,  localh'  known  as  The 
Narrows.  This  place  has  l)een  under  investigation  as  a  possible  dam 
site,  and  soundings  for  the  depth  of  bed  rock  were  made  b}'  the 
United  States  Geological  Survey  during  the  season  of  1899.  The 
greatest  depth  of  bed  rock  was  found  to  be  54  feet.  The  diamond 
drill  showed  the  rock  to  be  a  fine  granite.  A  more  detailed  account 
of  this  exploration  will  be  found  in  the  Twenty-first  Annual  Report, 
part  4.  Above  The  Narrow^s  the  valle}^  broadens  into  a  large  reser- 
voir site,  but  as  no  surveys  of  it  have  been  made  the  capacity  is 
unknown.  In  order  to  determine  the  amount  of  water  available  for 
storage  for  this  reservoir  a  gaging  sbition  was  estalilished  February- 
27,  1899.  The  channel  is  in  sand,  which  is  constantly  shifting.  The 
rod  readings  are  of  little  value  during  low  stages.  Between  Januar^^ 
1,  1902,  and  May  eS,  1902,  the  discharge  varied  from  47  to  67  cubic  feet 
per  second,  though  the  gage  reading  was  0.9  for  the  entire  time.  At 
the  latter  date  the  rod  readings  were  discontinued.  The  mean  esti- 
mated discharge  for  each  month  has  been  oV)tained  by  averaging  the 
discharge  as  obtained  b}^  meter  measurements  made  during  the  month. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 


CLAPP.] 
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IHfcharge  meamremenU  of  Mohave  Hirer  at  VidorviUe^  CaL^  in  1904-^ 


Date. 


Hydrocrrapher. 


January  7 P.  H,  I^ieahy . . 

January  16 do 

January  23 do 

January  28 do 

January  30 do 

February? do 

February  15 do 

m 

February  20 do 

February  29 | do 

March  5 do 

March  14 do 

March  28 do 

April  6 do 

April  16 do 

April  25 ■ do 

April  30 do 

Mav8 do 

May  16 do 

May  23 do 

w 

May  31 do 


June  6.. 
June  14 
June  21 


do 
do 
do 


Jane  27 do 

June28 ,  W.  B.  Clapp.. 

Jnly2 ,  P.  H.  Leahy.. 

Jalv  12 do 

July  15 : do 

July  18 ..do 

July  22 ! do 

July  26 do 

Jalv  29 do 

August  2 do 

AufniHtd do 

August  9 do 

August  12 do 

I 

August  16 do 

i 

August  19 do 


Din- 
charge. 


Sec.-Jl, 
62 
67 
58 
45 
62 
57 
62 
52 
54 
68 
51 
60 
49 
41 
42 
40 
46 
48 
51 
44 
43 
40 
30 
37 
28 
36 
29 
30 
32 
32 
40 
34 
34 
31 
32 
33 
31 
46 


Date. 


Hydrographer. 


Augu8t23 P.  II.  Leahy 

....do 

....do 


August  26 

August  30 

September  3 do 

September  6 do 

September  9 do 

September  15  . . , do 

September  17 do 

September  20 do 

September  26 do 

September  30 do 

October  4 do 

October  7 do 

October  11 do 

October  15 do 

October  18 do 

October  22 do 

Octol>er  25 do 

October  28 do 

November  1 do 

November  4 do 

Novembers ' do 

November  11 do 

November  15 do 


November  18. 
November  22, 
November  25. 
November  29. 
December  2.. 
December  6.. 
December  9.. 


do 
.do 
do 
do 
do 
.do 
.do 


December  13... , do 


December  16. 
December  20. 
December  23. 
December  27. 


do 
do 
do 
do 


December  30... do 


Dis- 
charge. 

Sec./l. 
42 
35 
33 
36 
36 
34 
31 
33 
32 
39 
34 
41 

« 

47 
49 
49 
48 
53 
51 
52 
54 
48 
47 
49 
47 
47 
51 
52 
53 
53 
53 
66 
70 
56 
59 
59 
59 
58 


a  Small  flood  discharge  on  March  23,  of  which  measurement  was  not  obtained  on  account  of  poor 
conditions.    Estimated  discharge  500  second-feet  for  short  period. 
oonditioiis. 


Stream  Hoon  assumed  natural 
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1.KO.  1S4. 


EgLimaUd  monthly  dutrharge  of  Mohat'e  River  at  VidorviUe^  Cat.,  fur  1904.'' 

[Drainage  area,  400  square  miles.] 


Month. 


January 


February . . 

March 

April 

May 

June , 

July 

August 

Septenil)er 
October  . . 
November 
December  , 


Discharge  in  mecond-feet. 


Maximum.     Minimum 


The  year 


67 
62 
68 
55 
51 
44 
40 
46 
39 
54 
54 
70 

70 


Mean,    i 


Total  in 
acre-feet. 


45 
52 
51 
40 
41 
28 
29 
31 
31 
36 
47 
53 


Run-off. 
Second-feet 


•^'jar^  "J*"?--" 


60 

57  I 

58  ' 

45  I 

47  ! 

I 

38  , 

33 

35 

34 

48 

50 

59 


3,689 
3,279 
3,566 
2,678 
2,890 
2, 261 
2,029 
2, 152 
2,023 
2, 951 
2, 975 
3,628 


0.15 

0.17 

.14 

1 

.15 

.14 

.16 

.11 

.12 

.12 

.14 

.10 

.11 

.08 

.09 

.09 

.10 

.08 

.09 

.12 

.14 

.12 

.13 

.15 

.17 

28 


34,121 


.12 


l.n'i 


a  f >Hily  (ilHC'harge  obtained  by  interpolation  between  diHc'harge  measurements. 
MISCFXLANEOUS  DISCHARGE   MEASUREMENTS  IN    SOUTHERN  CALIFORNIA. 

The  following  miscellaneous  measurements  were  made  in  southern 
California  drainage: 

MiHcelianeoni^  discharge  measurements  in  southern  California. 
SANTA  MARIA  RIVER  DRAINAGE. 


Dat*' 


HydroKrapher. 


Stream. 


1903. 
AuK-    25  '  \V.  B.  Clapp. 
Oct.     23    do 


Sisquoc  River. 
do 


Location. 


Sisquw;  ranch 
do 


Diacharge. 

SeeoTtd-Jt. 
1.1 
0.0 


VENTURA  RIVER  DRAINAGE. 


1903. 
Sept.    19 


W.  B.  Clapp. 


Sept.    19    do 


Ventura  River 


do 


Sept.   19 


do 


Total  river 


Power  ditoh 


Ventura  Light  and 
Power  Co.  Upper  di- 
version city  supply. 

Below  upper  diversion , 


At  old  mill 


7.0 

3.7 
10.7 

3.3 


CL1.PP.] 
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MtMceUaixeou*  discharge  measurements  in  southern  Caiifoniia — Continued. 

SANTA  CLARA  RIVKR  PRAINAGE. 


Date. 

1903. 
June    1<) 

Sept.    16 
Apr.    30 

June  16 

Sept.  16 

Apr.  30 

June  16 

Sept.  16 

Apr.  30 

June    17 


Hydrofrrapber 


Sept    16 


May 
June 


9*> 


July    16 


Aug.    13 


W.  B.  Clapp 


do 
do 

do 
do 
do 
do 
do 
do 

do 
do 


do 
.do 


.uo 


stream. 


Location. 


do 
Santa  Clara  River 


J.  B.  Lippincott 
and     G.     S. 
Powec- 


do 
do 


Southern  Pacific  Rwy. 
bridge,  3  miles  be- 
low Saugus. 

do 


Road  croesing  New  hall 
ranch. 

do 

do 


San  Francisqui  to  Creek do 

do I do 

do ! do 


Santa  Clara  River 


do 

Camulas  ditch 


Total    Santa 
Clara  River. 

Santa  Clara  River 

Camulas  ditch 


Opposite  head  of  Cam- 
ulas dit(>h. 

do 

At  head 


IMwhaixe. 

Second-Jl. 
1.7 

1.8 
8.0 

6.2 
5.4 
2.0 
2.4 
2.0 
25.0 

21.1 
7.6 


Total    Santa 
Clara  River. 

Santa  Clara  River 


do 

Richardson  ditch 

Grees  ditch 

Farmer's  diti'b-- 


Camulas  ditch, 
At  head , 


I    mile    above    Santa 
Paula. 


Total    Santa 
Clara  River. 

Santa  Clara  River 


do 
do 
,do 
do 


1    mile   above    Santa 
Paula. 


Richardson  ditch do 

Grees  ditch do 

Fanner's  ditch do 


Total    Santa 
Clara  River. 


Santa  Clara  River . . 


1    mile    above    Santa 
Paula. 


Richardson  ditch do 

Grees  ditch do 

Farmer's  ditch do 


Total    Santa 
Clara  River. 


28.7 


5.1 
11.6 

16.7 


127.0 

22.0 

4.2 

11.0 

7.8 


45.0 


23.4 

2.3 

5.8 
8.4 


39.9 

20.8 

1.2 

11.1 

8.6 

41.7 
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[so.  1S4. 


MiscMineom^  discharge  measurements  in  southern  California — Continued. 
SANTA  CLARA  RIVER  DRAINAGE— Continued. 


Date. 


1908. 
Sept.    18 


July    15 


July    16 
Aug.    14 


Sept.    18 


May      1 


June   17 


Sept.    17 


June   17 


Hydro^rapher. 


W.  B.Clapp. 


W.B.Clappand 
G.  S.  Power. 


.do 


J.  B.  Lippincott 
and  G.  S. 
Power. 


W.  B.Clapp. 


stream. 


.do 


do 


Santa  Clara  River . 


Location. 


1    mile   above    Santa 
Paula. 


Richardson  ditch do 


Grees  ditch 

Fanner's  ditch. 


do 
do 


Total    Santa 
Clara  River. 

Santa  Clara  Water  and 
Irrigation  Co.'s 
canal. 

do 


At  head 


Dijicha''pe 


Sfcondjt. 
18.2 

1.2 
7.4 

8.<> 


.'55. 4 


do 


30 


33 


do 


Santa  Clara  River 


Total  river. 


do 


Below  head  of  canal . 


Santa  Clara  Water  and 
Irrigation  Co.*s 
canal. 

River  

Total  river 


Heading 


Below  canal  heading. 


31.  H 

3.3 
34.9 

26.7 
3.9 


Piru  Creek i  Dunton  ranch 


do i  Southern  Pacific  Rwy. 

bridge. 

do Upper  diversion  Piru 

I^nd  and  Water  Co. 

do 1  mileabove  Esperanza. 


30.6 

57 
55 


1.8 


3.9 


Total  Piru  Creek 


do 


Upi>er  diversion 1  mileabove  Esperanza. 


Lower  diversion 
Piru  Creek , 


Southern  Pacific  Rwy. 
bridge. 

do 


do 


Total  Piru  Creek 
Lf)wer  diversion 

Piru  Creek 

Total  Piru  Creek 


Southern  Pacific  Rwy. 
bridge. 

do 


5.7 
1.2 
1.0 

.1 
1.1 

3.7. 


2.7 


6.4 


CLAPP.] 
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Misceflaneou*  di^ckarge  meamrementB  in  southern  Calif vnda — ( -ontiniHMk.  * 
SANTA  CLARA  RIVER  DRAINAGE-Continued. 


Date. 


Hydrographer. 


1903. 
May      2     W.  B.  Clapp. 

SopL    17 


Stream. 


Mav      3 


Jane   22 
Sept,   18 


Sespe  Creek 

Sespe  Land  and  Water 
Co'b.  canal. 

Seepe  Creek 


Lccation. 


DlnrharRe. 


Second-Jl. 
89 

4.6 

Below  canal  heading..!  .  1 


Southern  Pacific  Rwy.  , 
bridge. 

\  mile  below  head 


Total        Sespe  ' 
Creek.  i 

Santa  Paula  Creek . . . 


do 


Santa    Panla    Water 
Co' 8.  ditch, 

do 

do 


5  miles  above  Santa 
Paula. 

At  Santa  Paula 

At  Heading 


do 
do 


SANTA  YNEZ  RIVER  DRAINAGE. 


4.7 


28 

19.0 
5.6 

10.1 
2.7 


1908. 

Apr.  11 

.\pr.  15 

-\pr.  21 

Apr.  23 

Apr.  28 

Apr.  10 

Apr.  22 

Apr.  29 

Apr.  10 

Apr.  22 

Apr.  11 

.Vpr.  15 

Apr.  21 

Apr.  23 

Apr.  28 


Howard  Rankin 
do 


do 
do 
do 
do 
do 
do 


Amagusa  Creek 

do 

....do 

....do 

do 


At  mouth 

do... 

do... 

do... 

do... 


Blue  Canyon  Creek do 

do  ^ do 

do do 


do !  Trail  Creek 


do 
do 
do 
do 
.do 
do 


do 


do 
do 


Ruiz  Creek do 

I 

do I do 

do do 

do do 

do do 


6.2 
4.5 
7.6 
6.9 
6.3 
11. 1 
11.7 
6.3 
1.4 
2.0 
5.4 
4.3 
7.0 
5.7 
4.5 
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[!fo.  m. 


Miscellaneous  discharge  measuremenls  in  souihem  California — Continaed. 


SAN  LUIS  REY  RIVER  DRAINAGE. 


Date. 


1903. 
Au^.    15 

Aug.    14 

Aug.  16 
Aug.  15 
Oct.       9 


Hydrographer. 

W.  B.  Clapp . . 
do 


do 
do 
do 


stream. 


Location. 


I 


Discharge. 


San  Louis Rey  River..    Dam    site,    WamerV 

ranch  reservoir. 

do Above  head  of  Escon- 

dido  canal. 

do Pala,  Cal 

I 

Sickler*8  canal Sickler's  ranch 

do do 


Seonui-Ji. 

2.S 


LOS  ANGELES  RIVKR  DRAINAGE. 


1903. 

Apr.  9 

Apr.  18 

Mav  5 

June  5 

Sept.  26 

Apr.  9 

Apr.  >9 

May  5 

June  5 

Apr.  18 

Mav  5 

Apr.  10 

Apr.  17 

May  5 

June  4 

Sept  26 

Apr.  10 

Apr.  17 

May  5 

June  4 

Sept.  26 

Apr.  9 

Apr.  17 

May  5 

June  4 

Apr.  17 

Mar.  25 


J.  C.  Clausen 

do 

do 

W.  B.  Clapp. 

do 

J.  C.  Clausen 

do 

do 

W.  B.  Clapp. 
J.  C.  Clausen 

do 


do 

do 

do 

W,  B.  Clapp. 
do 

J.  C.  Clausen 

do 

do 

W.  B.  Clapp. 
do 

J.  C.  Clausen 

do 

do 

W.  B.  Clapp. 

J.  C.  Clausen 


Pa(K>ima  Creek. 
do 


do 
do 
do 
do 
do 
do 
do 
do 

do 


Little  Tejunga  Creek 

do 

do 

do 

do 

Big  Tejunga  Creek  . . 
do 


do 
do 
do 
do 
.do 
do 
do 
do 


J.  F.  Danforth.l  Lob  Angeles  River. 


Mouth  of  canyon 

do 

do 

do 

•do , 

Southern  Pacific  Rwy. 

do 

do 

do 

3 J  miles  below  South- 
em  Pacific  Rwy. 

1}  miles  below  South- 
em  Pacific  Rwy. 

Mouth  of  canyon 

do 

do 

do 

do. , 

do 


do 
do 
do 
do 


Southern  Pacific  Rwy. 

.-..do 

do 

do 


11  miles  below  South- 
ern Pacific  Rwy. 

Los  Feliz  Bridge 


1.  1 

2.1 
2.1 


47 

98 

24 
8.0 
0.0 

32 

57 

16.0 
0.0 
0.0 

0.0 

10.0 


*>7 


4.0 
1.0 
0.0 
59 
157 
37 

12.0 
.  1 
2.0 
124 
0.0 
0.0 
0.0 

109 


CLA.FP.J 
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MUceUaneatu  discharge  measuremenis  in  southern  California — Continued. 


L08  ANQELEB  RIVER  DRAIN  AG  E-Continued. 


DAte. 


Hydrqgnpher. 


Stream. 


1903. 

i 

Apr.      8  '  J.  C.  Clausen  ..:  Los  Angeles  River. 

Apr.    13     O.W.Peterson. do 

Apr.    17    do ' do 

Jan.     28     C.  A.  Miller  ..J do 

Apr.    11     J.  C\  Clausen do 

Apr.     18  '  O.W.Peterson. do 

Apr.    18    do do 

Apr.    18    do do 

Apr.    20    do do 


Apr.    20 


do 


Apr.    20  I  O.  W.  Peterson 


Apr.    20   do 

Apr.    21    do 


Apr.    21 


.do 


Apr. 

21 

Apr. 

13 

Apr. 

17 

May 

21 

Apr. 

13 

Mav 

• 

21 

>Iay 

21 

Apr. 

13 

do 
do 

do 
do 

do 


Apr. 
Apr. 


1.7 
13  i 


Jan.    28     0.  A.  Miller 


Mar.    25 
Apr.    17 


J.  F.  Danforth. 
O.  W.  Peterson 


.do 

do 
do 


Location. 


Los  Feliz  Bridge. 

do 

do 


Aliso  Street  Bridge  . . . 
Ninth  Street  Bridge.. 
do 


Boyle  avenue 

Opposite  Bell  station. . 

Above  junction  of  Rio 
Hondo. 

Below  junction  of  Rio 
Hondo. 

One-half  mile  above 
Compton  and  Clear- 
water road. 

Opposite  Clearwater . . 

One-half  mile  above 
Cerritos  road. 

1}  miles  below  Cerritos 
road. 

Opposite  Seabright  . . . 

At  mouth  of  canyon  . . 

do 

do 

At  Devils  Gate 

do 


1  mile   below   Devils 
Gate. 

At       Sheep       Corral 
Spring,  Pasadena. 

do , 

Garvanza  wagon 
bridge. 

At    Avenue    26,    Los 
Angeles. 

do 

do 


DiHchaive. 

Second-Jl. 
37 
28 
64 
66 
20 
106 
75 
73 
25 

54 

82 

53 
39 

77 

78 
24 
100 
10.0 
17.0 
2.0 
0.0 

4.0 

80 
0.0 

274 

128 
77 
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[so.  i;u. 


Lo8  Angeles  River  at  f/os  AngeUn^  Oil. 
LOS  ANGELES  RIVER  DRAINAGE— Continued. 


Date. 


1904. 
Aoril  15  - , 


May  25 


June  18, 


June  27. 


June  24, 


July  19 


August  9 


August  18 


September  7 


Hydrographer. 


DiR- 
chaixe. 


Remarks. 


F.  B.  Cook 


I  rW.  B.  ( 
IF.  B.  C( 


fW.  B.  Clapp 
Cook.. 


Stc-/ret. 

42.  3  I  44-inch  conduit. 


4.5 


Main-supply  ditch. 


46.  8  j  Total  diversion  Los  Angelee  River. 


40. 0     44-inch  conduit. 


8.0 


Main-supply  conduit. 


48. 0     Total  diversion  liOS  Angeles  River. 


F.  B.  Cook 


29.2 


44-inch  conduit. 


10.  8  I  Main-supply  conduit. 


40. 0  !  Total  diversion  Los  Angeles  River. 


{ 


W.  B.  Clapp 
E.  C.  LaRue 


34.  2  i  44-inch  conduit. 

I 

8.  H  I  Main-supply  conduit. 

3.  7  I  River  at  Huron  street. 

46.  5  I  Total  Los  Angeles  River. 


F.  B.  Cook. 


I 

t 


E.  C.  LaRue 

F.  B.Cook.. 


F.  B.  (^ook 


31.  7     44-inch  conduit. 
8.  6  '  Main-supply  conduit. 

40.  3     Total  diversion  Lob  Angeles  River. 


33. 1  j  44-inch  conduit. 

10.  2  Main-supply  conduit. 

5.  3  '  River  at  Huron  street. 

_       I 

48. 6  I  Total  Los  Angeles  |liver. 

29. 9  44-inch  conduit 

10  4  '  Main-supply  conduit. 


,{ 


K.  C.  URue 
F.  B.Cook.. 


40.3  I  Total  diversion  Ix)8  Angeles  River. 

30.  5     44-inch  (conduit. 
10.  8  I  Main-supply  conduit. 
3. 6  I  River  at  Huron  street. 


F.  B.  (^ook 


44. 9  Total  Los  Angeles  River. 

29.  7  44-inch  conduit. 

10.  4  Main-supply  conduit. 

40. 1  Total  diversion  I/19  Angeles  River. 


rfjipp.J 
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//OH  Angdes  Hiver  at  L(t9  Angele*^  Cat, — C^ntinueil. 
L(>8  ANOELES  RIVER  DRAIN  AUK— (X>niint]ed. 


Pate. 


HydrogTHpIuT. 


St»i)tember  20 


Di»- 
cbaTgc. 


Remarks. 


K.  C.  I^Rue 


October  20 : do 


October  25. 


Sec.-/eet. 

31. 1  44-inoh  conduit 

11.0  Main-supply  conduit. 

3. 4  River  at  Huron  street. 


45.  5     Total  Los  Angeles  River. 


31. 9     44-inch  conduit. 
11.6     Main-supply  conduit. 
8. 2     River  at  Huron  street. 


l'\  B.  Cook 


51.  7     Total  Ja)s  Angeles  River. 

31.4  ^  44-inch  conduit. 
11.6  I  Main-supply' conduit. 


43. 0  I  Total  diversion  Los  Angeles  River. 


November  18 


j  K.  C.  I^Rue 33.  3  '  44-inch  conduit. 

If.  B.  Cook 11. 8  '  Main-supply  conduit. 

8. 4  .  River  at  Huron  street. 


Oecember  28, . .    K.  C.  J^Rue 


53.5 


Total  ItOS  Angeles  River. 


27.  7  '  44-inch  conduit. 

10. 0  I  Main-supply  conduit. 


22.2 


59.9 


River  at  Huron  street. 


Total  IjOq  Angeles  River. 


Mii»cellaneou»  discharge  inecuturementu  in  wuihem  California, 

SAN  GABRIEL  RIVER  DRAINAGE. 


Date. 


1903. 


Hydrt^fTapher. 


Stream. 


Apr.    20  ;  W.  B.Clappand     Dalton  Creek 
J.  C.  Clausen,  j 

May    22     W.  B.  Clapp 


Sept   14  i do 

I 
Mav    22  ' do 

Apr.    20    do 


do 
do 
do 

do 


Location. 


DiR- 
chargc. 


At  mouth  of  canyon  . . 

do 

do 


1  mile  below  mouth  of 
canyon. 

Southern      California 
Rwy. 


See. 'feet. 
9.0 

2.7 
0.0 
0.0 

0.0 


IBB  134r-05 6 
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[MO.  134. 


Miscellaneous  discharge  measurements  in  southern  Cali/omia — Continued. 
SAN  QABRIfiL  RIVER  DRAINAGB—Cootinued. 


Dale. 


Hydro^rapher. 


1903. 
Apr.    20 

May  22 

Sept.  14 

Apr.  20 

Apr.  18 

1903. 
May    23 


W.B.Clappand 
J.  C.  Clausen. 

W.  B.  Clapp... 

do 

do 


stream. 


do 


Sept.     9 

1902. 

July  29 

Aug.  18 

Sept.  8 

Sept.  27 

Oft.  15 

1904. 

June  15 

July  8 

Aujr.  31 

Sef)t.  24 

Oct.  5 

Oct.  15 

1902. 


VV.  B.  Clapp. 


do 


San  Dimaij  Creek. 

do 

do 

do 


Santa  Anita  Creek. 


Santa  Anita  Creek 

Baldwin       diversion 
heading. 

Total  creek 


J.  A.  Worthen 

do 

do 

do 

do 


Baldwin       diversion 
heading. 


Baldwin  ditch 

do 

do 

do 

do 


J.  A.  Worthen.    Baldwin  ditch 

do do 

do do 

do do 

W.  B.  Clapp...' do 

J.  A.  Worthen do 


July  20 

Aug.    18    do 

Sept.     8    do 

Sei.t.   27  ! do 


J.  A.  Worthen .    Baldwin  ditch 

do 

....do 

....do 


Oct.     11 

1904. 
June    15 
June     8 


do 


do 


J.  A.  Worthen.]  Baldwin  ditch 
do do 


Aug.    31    do 


do 


Location. 


Mouth  of  canyon  . 

do 

do 

Base  Line  avenue. 
Mouth  of  canyon  . 


Mouth  of  canyon 


Point  (1) 

do.. 

do.. 

....do.. 
do.. 


Point  ( 1 ) 

do.. 

do.. 

do.. 

do.. 

do.. 


Point  (3) 

do.. 

do.. 

do.. 

do.. 


Point (3) 

do.. 

do.. 


Dis- 
charge. 


Secontljf. 
19.0 

2.5 

0.0 

0.0 

35.0 


10 
3 


13 


1.4 


3.7 
.91 
2.0 
1.6 


3.0 

3.4 

3.0 

2.8 

2.9 

«.2 

1.2 

.70 

.72 

.63 
.75 

1.4 

•  96 

.80 


't  Estimated.    Main  stream  flowing  through  waste  gate  into  old  channel. 


CLAPP.] 
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MtBcellaneatis  dittcharge  measurements  in  southern  Californin — Continued. 
SAN  GABRIEL  RIVER  DRAINAGE— C^nUnued. 


Date. 


Hydrognpber. 


1903. 
Sept   24 
CX-t.     15 

1902. 
July  29 
Aug.  18 
Sept.  8 
Sept.  27 
Ott.     11 

1904. 
June  J 5 
July      8 
Aug.    31 
Oct.     15 

1903. 
Apr.    18 

Mav    23 
Apr.    18 

Apr.    18 
Mav    21 


J.  A.  Worthen 
do 


J.  A.  Worthen 

do 

do 

do 

do 


J-  A.  Worthen 

do .: 

do 

do 


W.  B.  Clapp.. 


stream. 


Baldwin  ditch 
do 


Location. 


Point  (3) 
do.. 


Baldwin  ditch 

do 

do 

do 

do 


Baldwin  ditch 

do 

do 

do 


Santa  Anita  Creek 


Point (4) 

do.. 

do.. 

do.. 

do.. 


Point  (4) 
do.. 


do 


do 


Sept.  9 

Apr.  18 

May  21 

Apr.  14 

May  28 


do 
do 

.do 
.do 


do 


Little    Santa     Anita 
Creek. 

Eaton  Canyon  Creek . 


.do 
do 

do 

do 

do 


.do 
do 


Southern  Pacific  Rail- 
way, Monrovia 
Branch. 

White  Oak  avenue 


Above    Santa    Anita 
Creek. 

Mouth  of  canvon 


DiH- 
charKe. 


Second-Jl. 

0.94 

.78 

1.9 
1.2 
.99 

.52 
.81 

«.00 
.00 
.62 

6.00 

0 

0 
5 

29 


.do 


Water  company's  di- 
j  version  at  heading, 
I      mouth  of  canyon. 


3 
3 


Total  creek 


Eaton  Canyon  Creek  .    Mouth  of  canyon 

At  Southern  Califor- 
nia Railway. 


do 

do 

San  Gabriel  River. 


do 


do 


I  mile  above  Southern 
California  Railway. 

At  upper  road  crossing, 
Duarte  to  Azusa. 

Below  head  of  Lexing- 
ton wash. 

Diversion  below  head 
of  Lexington  wash. 


0 
0 

0 

264 


29 
37 


Total    river  at 
same  place. 

a  No  diveiBlon.    Ditch  not  kept  up. 


66 


b  No  water  uaed. 


84 
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Tno.  134. 


Miscelianeotts  discharge  meamretneiits  in  southern  California — Continued. 
SAN  GABRIEL  RIVER  DRAINAGE— Contlnned. 


Date. 


1903. 
Apr.    15 
Apr.    15 

Apr.  26 
Mav  26 
Apr.    25 

Apr.  25 
Apr.    24 

Apr.    24 

Apr.    23 

^    1902. 
Aug.    18 
Sept.     8 
Sept.   27 
Oct.     11 

1903. 
Apr.    27 
Oct.       2 

1904. 

June  15 

Jnly  8 

Aug.  31 

Sept.  24 

Oct.  5 

Oct.  15 

1903. 
Apr.    27 
Apr.    27 

Apr.    27 

Apr.    20 

Apr.  25 
Oct.       3 


Hydrographer. 


W.  B.  Clapp.. 
do 


O.  W.  Peterson . 
W.  B.  Clapp  . . 
O.  W.  Peterson, 


.do 
do 


do 
do 


J.  A.  Worthen 

do 

do 

do 


stream. 


San  Gabriel  River. 
do 


do 
.do 
do 

do 
do 

do 

do 


Rio  Hondo 

do  .... 

do.... 

do  .... 


O.  W.  Peterson 
W.  B.  Clapp . . 


Rio  Hondo 
do  .... 


J.  A.  Worthen 

do 

do  ....:.. 

do 

W.  B.  Clapp..., do 

I 
J.  A.  Worthen do 


Rio  Hondo 
....do  .... 
....do.... 
....do  .... 


O.  W.  Peterson. 
' do 


do 

do 

do 

W.  B.  Clapp 


Rio  Hondo 
do  .... 


•  I 


do 

do 

San  Jose  Creek . . . 
Sheep  Creek  ditch 


LocatioD. 


At  El  Monte  Bridge. 

Lexington  wash  at  £1 
Monte. 

At  El  Monte  Bridge  . 

do 


At  road  crossing  east 
of  Dur fee's  ranch. 

Whittier  road  crossing. 

Southern      California 
Railway  at  Rivera. 

Southern  Pacific  Rail- 
way at  Studebaker. 

Opposite  Alamitoe 


Old  Mission  Bridge 

do 

do 

do 


Old  Mission  Bridge 
do 


Old  Mission  Bridge 

do 

do 

do 

do 

do 


Whittier  road  crossing. 

Road  crossing  west  of 
Rivera. 

Southern  Pacific  Rail- 
way westof  Downey. 

At  S.  P.,  L.  A.  & 
S.L.  Railroad,  above 
Workman. 

Whittier  and  Puente 
road. 

Whittier  fliune  cross- 
ing. 


UVir 

ehaige. 


Seconti-jl. 
50 
3 

229 

0 

264 

361 
365 

364 

311. 

24.3 
25.6 
21.5 
24.7 

36 
29 

24.1 

22.2 

21.7 

22 

27 

17 
12 

12 

29 

8 
4.6 


CI-APP.] 
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Mi9ceIlaneous  discharge  meamirements  in  muthem  Caiiforma — Continued. 
BAN  GABRIEL  RIVER  DRAIN AQE--Continned. 


Date. 


I 


Hydrograph«r. 


Stream. 


1904. 
Oct.       5 

1903. 
Ort.       3 

1904. 


Location. 


\V.  B.  Clapp .  - . '  Sheep  Creek  ditch Whittier  flume  cross- 
ing. 


I 


W.  B.  Clapp . .  J  Rincon  ditch 


Oct.       5     W.  B.  Clapp . . .    Rincon  ditch Rincon  road  crosHing. 


Rincon  road  crosBing. . 


1903. 
Oct       3 

1904. 
(M       5 

1903. 


W.  B.  Clapp 


W.  B.  Clapp 


Oct.       2     W.  B.  Clapp 


1904. 
Oct       5 

1903. 
Oct.       2 

1904. 
Oct.       5  ' 

1903. 
Oct       2 

1904. 
Oct     11 

1902. 
July    25 

1904. 
June  15 
July  8 
Aug.  31 
Sept  24 
Oct.     15 

1902. 
Sept.  27 
Oct.     11 


W.  B.  Clapp... 

W.  B.  Clapp... 

W.  B.  Clapp... 

W.  B.  Clapp . . . 

W.  B.  Clapp... 

J.  A.  Worthen.. 

J.  A.Worthen. 

do 

do 

do 

do 


Durfee  ditch 


Durfee  ditch 


LoB  Nietos  or  Banta 
ditch. 

Los  Nietofl  or  Banta 
ditch. 

Ranchito  or  Stande- 
ferd  ditch. 

Ranchito  or  Stande- 
feril  ditch. 

("ate  ditch 


Road  crossing   above 
ranch  house. 


Road  crossing  above 
ranch  house. 


At  heading. 


100  feet  below  division 
box. 

At  heading 


At  heading. 


Cate  ditch 


J.  A.  Worthen. 
do 


Arrovoditch, 

Arroyo  ditch. 

do 

do 

do 

do 


i  In  flume  at  road  cross- 
ing. 

In  flume  at  road  cross- 
ing. 


At  dam 

At  dam 
do. 

do. 

do. 

do. 


Arroyo  ditch . 
do 


At  intake 
do... 


Dis- 
charge. 


Second-ft. 
1.4 


3.4 

1.5 

1.6 

0 

28.0 

19.5 

14 

12.9 

5.5 

11.1 

21.7 

20.6 
19.7 
18.6 
17.9 
20.8 

24,6 
24.2 


86 


STREAM   MEASUREMENTS    IN   1904,   PART    XT. 


[NO.  134. 


MUcellaneous  discharge  meanuremeids  in  southern  California — Continued. 
SAN  GABRIEL  RIVER  DRAINAOE-€ontlnued. 


Date. 


1904. 
June  21 

1902. 
Sept     8 
Oct.     11 

1904. 

June  15 

July  8 

Aug.  18 

Aug.  31 

Sept.  24 

Sept.  27 

Oct.  15 

June  21 

1902. 
Aug.    18 
Sept.     8 

1904. 
June   21 

Aug.  31 
Sept.  24 
Oct.     10 

1903. 
Apr.    25 

Oct.       3 


Hydrographer. 


W.B.Clappand 
0.  K.  Parker. 


J.  A.  WoHhen 


Stream. 


Arroyo  ditch. 


do 


J.  A.  Worthen. 
do 


do 
do 
do 
do 
.do 


do 


Arroyo  ditch 

do 

do 

do 

do 

do 

do 

....do 


W.B.Clappand 
O.  K.  Parker. 


J.  A.  Worthen.    Arroyo  ditch 


do 


W.B.Clappand 
C).  K.  Parker. 


do 


Arroyo  ditch, 


J.  A.  Worthen do 


do 
do 


do 
do 


J.  B.  Lippincott    Arroyo  ditch 
W.  B.  Clapp  . . 


Location. 


At  intake 


Arfoyo  ditch At  Salt  Lake  Railway . 


do 


At  8alt  Lake  Railway 
do 


Dis- 
charge. 


do 
do 
do 
do 
do 
.do 


At  point  of  diyersion 
do 


At  head  of  flume. 


Seeond'ft. 
21.7 


19.6 
20.5 

17.5 
17.9 
20.6 
16.4 
17.0 
18.8 
18.5 
19.4 

2:17 
23.2 


do 
do 
do 


I 


Southern      California 
Railway,  Rivera. 


Whittier  ditch Pumping  plant  east  of  1 

El      Monte — devel- 
oped      water — dis-  ' 
charge     varies     aa 
needed. 


16.7 

16.2 
15.5 

18.6 

21 
5.1 


S.ANTA  ANA  RIVER  DRAINAGE. 


1903. 

Apr.      1  I  W.  B.  Clapp 


San  Antonio  Creek . 


1904. 
Sept.   23     W.  B.  Clapp . . .    San  Antonio  Creek . . 


Ontario  Power  Co.*8 
power  house,  mouth 
of  canyon. 

At  power  houBe,  waste 
weir.    Total  creek. 


854 


6.4 


€3JkPF.] 
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MiscfUaneaus  discharge  measurements  in  southern  California — Continued. 

SANTA  ANA  RIVER  DRAINAGR-^Contintied. 


D»te. 

Hydros  rapher. 

.  stream. 

Location. 

Dis- 
charge. 

1903. 

Second'/I, 

Apr.    21 

W.B.Clappand 
J.  C.  Clausen. 

San  Antonio  Creek . . . 

At  power  house,  mouth 
of  canyon. 

42 

do 

San    Antonio    Water 
Co.'a  diversion, 
mouth  of  canyon. 

15 

Total  creek 

57 

■ 

1903. 

May  25 

W.  B.  Clapp... 

San  Antonio  Creek . . . 

At  power  house,  mouth 
of  canyon. 

14 

do 

Total  creek 

San    Antonio   Water 
Co.*8   diversion 
month  of  canyon. 

20 

34 

July      3 

do 

San  Antonio  Creek . . . 

A  t  power  house,  mouth 
of    canyon.      Total 
creek. 

19.5 

?ept.   13 
Apr.    21 

do 

do 

do 

11 

W.B.Clappand 
J.  C.  Clausen. 

do 

1  mile  l)elow  Southern 
Pacific  Rwy. 

.0 

May    25 

VV.  B.  Clapp... 

do 

Southern  Pacific,  Rwy. 

.0 

Apr.    21 

W.B.Clappand 
J.  C.  Clausen. 

Ciicamont^a  Creek 

Mouth  of  canyon 

15 

May    25 
19(M. 

W.  B.  Clapp... 

do 

do.... 

5.5 

1. 

Sept.  23 
1903. 

\V.  B.  Clapp... 

Cnttamonga  Creek 

At  point  of  diversion 
of  Cucamonga  W  ater 
Co. 

1.8 

Sept.    13 

W.  B.  Clapp... 

Cu<>ainonga  Creek 

A  bove  head  works  Her- 
mosa  Water  Co. 

3.6 

Apr.    21 

W.B.Clappand 
J.  C.  Clauflen. 

do 

Southern     California 
Rwy. 

.0 

May    25 
Apr.      1 

W.  B.  Clapp... 

do 

Base  line  avenue 

.0 

, do 

W.B.Clappand 
J.  C.  Clautsen. 

Lvtle  Creek 

At  mouth  of  canyon  . . 
do 

1,790 

do 

Apr.    22 

56 

Rialto  canal 

Weir  at  head  works. . . 

7 

Total  creek  .... 

63 
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Miscellaneous  discharge  measurements  in  southern  California — Continued. 

SANTA  ANA  RIVER  DRAINAQE-Contlnued. 


Date. 

1903. 
May    19 


July     2 

Sept  12 

1904. 
Sept.  22 

1903. 
Apr.    22 
May    19 
Apr.    23 

May    18 


Sept.    11 

1904. 
Sept.    21 

1903. 
Apr.    23 

May    IS 

Apr.    23 

May    17 


Sept.    11 

1904. 
Sept.    22 


Hydrographer. 


W.  B.  Clapp 


.do 


do 


W.  B.  Clapp. 

W.  B.  Clapp. 
do 


W.B.  Clapp  and 
J.  C.  Clausen. 

W.  B.  Clapp... 


do 


VV.  B.  Clapp . . . 

VV.  B.  Clapp . . . 
do 


W.B.  Clapp  and 
J.  C.  Clausen. 


W.  B.  Clapp 


Stream. 


Lytle  Creek 


Location. 


Mouth  of  can  von 


Difl- 
cbaii^e. 


Second-JI. 
14.6 


Rialto  canal I  Weir  at  head  works. 


Total  creek 


Lytle  Creek Weir  at  head   works 

Rialto  canal.    Total 


.do 


creek. 
...do.. 


Lytle  Creek 


Lytle  Creek 

do 

West  Twin  Creek 


.do 
do 


Total  creek 

West  Twin  Creek 

WestTwin  Creek  ditch 

West  Twin  Creek 

....do 

Kast  Twin  Creek 


At  mouth  of  canyon. 
Total  creek. 


Highland  avenue 
do 

Mouth  of  can  von 


do 

Ditch  diversion 


do 


do 
do 


Total  creek 


East  Twin  Creek 


W.  B.  Clapp . . .    East  Twin  Creek 


Mouth  of  can  von.    To- 
tal  creek. 


Head  of  pipe  line 

Southern      California 
Rwy. 

1  mile  above  Southern 
California  Rwy. 

Mouth  of  canyon . .. . . 

do 

Ditch  diversion 


Ditch  diversion.  Total 
creek. 


Wier  at  head  of  pipe 
line. 


14.9 


29.5 


16.5 

14.7 

9.2 

.0 

.0 

8.6 


2.1 
2,3 


4.4 
0.3 

0.4 

.0 

.0 

10.0 

3.2 
1.6 

4.8 


.4 


0.6 


CI^FP.) 
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MiaceUanecui  discharge  measurements  in  southern  California — Continud<l. 

SANTA  ANA  RIVER  DRAINAOR-Coutlnued. 


Date. 


Hydrofrmpber. 


Stream. 


I.40caiioii. 


Din- 
charge. 


1903. 
Apr.    23      W.  B.  Clapp 


Mav     i; 


do 


Apr.    23  ,  W.B.Clappand 
J.  C.  Clausen. 


May    17  i  W.  B.  Clapp 


East  Twin  Creek 

do 

City  Creek 


Secand-fl. 

1  mile  above  Southern  .  0 

California  Rwy, 

do '  .0 

I 

Mouth  of  canyon 22 


do 


do 

do 

do 

Canal  diversion 

Total  rreek  . . . 

City  Creek 

Mouth  of  canyon, 
tal  creek. 

To- 

Sept.   11 

1904. 

Sept.    22  I  W.  B.  Clapp...    City  Creek ;  Mouth  of  canyon.    To- 
tal creek. 
1903. 

Apr.    23 


\V.  B.  Clapp .  -  - ,  City  Creek Road    crossing   south 

Harlem  Springs. 

do 


May    1/    do 

I 

Apr.    23     W.B.Clappand!  Plunge  Creek 
J.  C.  Clausen. , 


May    17  ,  W.  B.  Clapp. 


do 


Base  line  avenue 
Mouth  of  can  von 


do 


Sept.    11    do 

1901. 
.Sept   21      W.  B.  Clapp.. 

1903. 

I 

Apr.    23     W.  B.  Clapp.. 
Mav    17    do 


W.B.Clappand 
E.  C.  Murphy. 


W.  B.  Clapp. 
£.  C.  La  Rue. 


do '  Diversion    mouth    of 

canyon. 


Total  creek 


Plunge  Creek Mouth  of  canyon.   To- 
tal creek. 


Plunge  Creek 


Above  Highland  canal. 


Plunge  Creek I  Orange  avenue 

do ' do 


Mill  Creek '  Wier  at  Edison  electric 

power    house,    Nos. 


do 
do 


2  and  3. 
..do 
...do 


4.4 

6.8 


11.2 


.2 

0.5 

.0 
.0 


23 


3 
6 


1901. 
Mar.    22 

SepL  21 
Nov.   11 

1903. 
Apr.     1  I  W.  B.  Clapp. . . '  Mill  Creek Head  of  Crafton  zanja .    1 ,  280 


.6 

0.6 

.0 
.0 

17.6 

14.1 
11.2 
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MUcellaneouM  dincharge  measurements  in  southern  California — Continued. 

SANTA  ANA  RIVER  DRAINAGE— (TontlDued. 


Date. 

1904. 
Sept.    21 
Nov.    11 

1903. 
Apr.    24 


Hydrofprapher. 


Stream. 


Location. 


May    16 


Jane     9 


July      1 

Sept.     1 
Aug.    31 

1904. 
May    28 
Sept.   21 

1903. 
Aug.    31 

1904. 
May    28 
June   29 
Sept.   21 

1903. 
Aug.    31 

1904. 

Jan.  29 

May  14 

May  28 

June  29 

Sept.  21 

Nov.  11 


W.  B.  Clapp. . .   Grafton  zanja 


E.  C.  1^  Rue 


do 


W.B.  Clapp  and 
J.  C.  Claueen. 


W.  B.  Clapp 


.do 


.do  -, 

.do  .. 
do  .. 


Mill  Creek... 
Crafton  zanja 


Total  Mill  Creek 


Mill  Creek... 
Crafton  zanja 


Total  Mill  Creek 


Dift- 
chargt^. 


Head  of  Crafton  zanja. 


.do 


Mill  Creek... 
Crafton  zanja 


do 

do 
do 

do 

.do 
.do 


Total  Mill  Creek do 


Crafton  zanja 


do 

Morton  Canyon 


W.  B.  Clapp...    Morton  Canyon 


do 


do 


W.  B.  Clapp...    Re<lland8  tunnel 


W.  B.  Clapp 

do 

do 


Red  lands  tunnel 

do 

do 


SecoudJI. 
15.2 
14.1 

34 

5 
39 


19 
49 


68 


2 
44 


46 


At    head;    total    Mill 
Creek. 

do , 

Mouth  of  can  von 


29 
22 


Mouth  of  canyon 
do 


W.  B.  Clapp . . 

W.  B.  Clapp.. 

do 

.....do  

do 

do 

£.  C.  La  Rue. . 


Green  Spot  pipe  line. . 

Green  Spot  pipe  line. . 

do 

do 

do 

do 

do 


At  outlet 

At  outlet 

do.. 

do.., 


Weir  at  head 

Weir  at  head 

do 

do 

do 

do 

do 


.13 

.14 

1.8 

1.59 
1.55 
i.(H 

6.3 

4.2 
1.8 
4.9 
7.3 
6.0 
1.1 
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Miscellaneous  discharge  measurements  in  southern  Oilifoniia — Continued. 

SANTA  ANA  RIVER  DRAINAG£--ConUnued. 


Dat«. 


1903. 
Apr.    24 
Mav    16 

m 

Aug.    31 

1904. 

Jan.  29 

May  14 

May  28 

June  29 

Sept.  21 

Nov.  11 

1903. 
Apr.    24 
May    16 
Aug.    31 

1904. 
Jan.  29 
May  14 
May  28 
June  29 
Nov.    1 1 


Hydrographer. 


W.  B.  Clapp 

do 

do 


stream. 


W.  B.  Clapp . . .   Highland  caifal 
do do 


do 

do 

do 

£.  C.  La  Rue 

W.  B.  Clapp. 

do 

do 

W.  B.  Clapp. 

do 

do 

do 

K.  C.  La  Rue 


1903. 
Sept.     5     K.  Sanborn 


1904. 
May    15 


K.  Sanborn. 


do 


Aug.    18    .. 

1903. 
SepL     5     K.  Sanborn 

19C4. 
May    15  |  K.  Sanborn 

Aug.    20  I do 

1903. 

Sept.     5  K.  Sanborn. 

1904. 

May    15  K.  Suibom 

Aug.   20   do 


do 
.do 
do 
do 


Redlandfl  canal 

do 

do 


Redlands  canal 

do 

do 

do 

do 


Castile  ditch 


CaBtile  ditch 
do 


Wilbur  ditch  . 


Wilbur  ditch 


do 


Newton  ditch. 


Highland  canal 

do 

do 


Location. 


Weir  at  head 

do 

do 


Weir  at  head 

do 

do 

do 

do 

do 


Sand-box  weir. 

do 

do 


Sand-box  weir, 

do 

do 

do 

do 


Dis- 
charge. 


Seeond-Jl. 
6 
18 
15.6 

10.7 
11.4 
12.0 
13.5 
16.4 
7.8 

9.6 
29.0 
28.0 

12.3 
23.8 
26.0 
22.0 
9.6 


1,000  feet  below  head- 
ing. 


1,000  feet  below  head- 
ing. 

do 


At  Rogers'  pipe  trestle 
crossing. 

At  Rogers'  pipe  trestle 
crossing. 

do 


West  line  section  28. 


Newton  ditch h  West  line  section  28. 

do do 


.0 
.0 

1.7 

2.54 

2.13 

I 

'         4.1 

4.7 

\        7.7 
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MiscfUaneoiia  disrharge  meaJturemerUii  in  Houthem  Califomin — Continued. 

SANTA  ANA  RIVER  DRAIN  AG  B--Continued. 


Date. 

1903. 
Sept.     5 

1904. 
May    15 

Aug.    20 

1903. 
Sept.     5 

1904. 
May    15 
Aug.    20 

1903. 
Sept.   23 

1904. 
May    15 
Aug.    20 

1903. 
Sept.   23 

1904. 
Mav    15 
AuR.    20 

1903. 
Sept.   23 

1904. 
May    15 
Aug.    20 

1903. 
Apr.    30 
Sept.    23 
Apr.    29 

Sept.  25 
Sept.  25 
Mav    15 

May    15 

Apr.    22 


Hydrographer. 


Stream. 


Location. 


K.  Sanborn. 

K.  Sanborn. 
do 


Dis- 
c>hai:ge. 


Secomd-JI. 


Fullerditch At  heading 13.4 


Fuller  ditch '  1  mile  l>elow  intake . . 


.".do 


.do 


K.  Sanborn.. 

K.  Sanborn.. 
do 


Roberts  ditch '  At  heading 

Roberts  ditch '  At  heading 

do do 


W.  B.  Clapp. .  - 1  Newberry  ditch Aubumdale  Bridge 


K.  Sanborn 
do  .... 


Newberry  ditch ...:..  |  Aubumdale  Bridge  . 
.do do 


W.  B.  Clapp  . . .    Durkee  diUh 


Aubumdale  Bridge  . 


K.  Sanborn. 
....do 


Durkee  ditch Aubumdale  Bridge 


do 


do 


W.  B.  Clapp... 

K.  Sanl)orn 

do 


().  W.  Peterson. 
\V.  B.  Clapp... 
O.W.Peterson. 

W.  B.  Clapp... 

do 

W.B.Clappand 
J.  M.  Mylne. 

do 


<Tilliland  ditoh Aubumdale  Bridge 

I 

(iilliland  ditch Aubumdale  Bridge 

do ' do 


9 

Santa  Ana  canal '  1  mile  lielow  heailing 

do ' do 


W.B.Clappand 
J.  C.  Clausen. 


Anaheim  and  Fuller-  |  Heading 

ton  canal. 

do \  AtEsperanza 

I 

Yorba  ditch  . . '. do 

Santa  Ana  River !  At  Orange  avenue 


do i  mile  below  Orange 

I      avenue. 

.do I  Colton  Bridge 


H.2 
4.6 

2.6 

2.2 
1.4 

3.3 

.94 


2.7 


3.4 


■ 

0 

1     ■ 

0 

1. 

2 

■ 

61 

■ 

42 

43 

34 

2. 

8 

32 


.6 


30 


0 


13 
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Mi9teUane(ms  discharge  meaturtmejits  in  souihem  California — Continued. 

SANTA  ANA  RIVER  DRAINAOE^-ConUnued. 


Date. 

1903. 

May  18 

Sept.  23 

Mar.  31 

Apr.  29 

Mav  18 

June  12 

Jolv  23 

Aug.  19 

Sept  23 

Oct.  30 

Nov.  25 

1904. 
Jan.    26 
Feb.    29 
Mar.    21 

Apr.  29 
Mav  23 
June  20 

Julv  23 

Aug.  20 

Sept  20 

Sept  28 

Oct  22 

Nov.  19 

Dec.  10 

1903. 
Apr.    29 

Sept.   2;j 

1904. 
Sept   28 

1903. 
Apr.    29 

Apr.  30 
Apr.    30 


Hydrograpber. 


Stream. 


W.  B.  Clapp.. 

do 

do 

O.  W.  Peterson 

W.  B.  Clapp . . 

do 


Santa  Ana  River 
do 


do 
.do 
.do 
do 
.do 


do 
.do 
do 
.do 
do 
.do 
.do 
.do 
.do 


W.  B.  Clapp ...  I  Santa  Ana  River 


do 

W.B.  Clapp  and 
E.  C.  Muiphy. 

W.  B.  Clapp  . . . 

do 


W.B.Clappand 
W.  V.  Hardv. 

E.  C.  LaRue... 

do 

W.  B.  Clapp... 

E.  C.  La  Rue. . . 

do 

do 

do 


O.  W.  Peterson. 


W.  B.  aapp 


do 
do 

do 
.do 
do 

do. 

do 

do 

do 

do 

.do 

do 


Location. 


Colton  Bridge 

Auburndale  Bridge . . 
Rincon  wagon  bridge 
do 


do 
do 
do 
do 
do 
do 
do 


,      Dis- 
charge. 


Srcmid/t. 
.0 

58 
400 
193 
108 

8ft 

59 

60 

78 

93 
102 


Rincon  wagon  bridge . .  i     1 09 


do 
.do 

.do 
do 
do 

.do 
do 
.do 
.do 
.do 
.do 
.do 


Santa  Ana  River 1  mile  above  heading 

of    Santa  Ana  ancl 
Anaheim  canals. 


do 


Heading    Santa    Ana 
and  Anaheim  canals. 


E.  C.  La  Rue. . .    Santa  Ana  River Heading    Santa    Ana 

and  Anaheim  canals. 


O.W.Peterson 


do 
.do 


Santa  Ana  River 2  miles  below  heading 

Santa  Ana  and  Ana- 
heim canals. 

I 

do I  2  miles  aliove  Yorba . . 

do -  -    i  mile  above  Yorba . . . 


162 
107 

96 
82 
63 

62 
69 
74 
75 
73 
103 
110 

214 
72 
66 

185 

130 
141 
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Mitcellaneotis  diacluirge  measurements  in  southern  California — Gontinaed. 

SANTA  ANA  RIVER  DRAINAOE--Contlnued. 


y  Date. 


1903. 

May  1 

May  1 

Mar.  31 

Apr.  29 

May  18 

June  12 

July  23 

Aug.  19 

Sept  23 

Oct.  30 

Nov.  25 

1904. 

Jan.  26 


Feb. 

29 

Mar. 

21 

Apr. 

29 

May 

23 

June 

20 

July 

23 

Aug. 

20 

Sept. 

20 

Sept. 

28 

Oct. 

22 

Nov. 

19 

Dec. 

10 

Hydrographer. 


O.  W.  Petereon 


do 


W.  B.  Clapp.. 

O.  VV.  Peterson. 
W.  B.  Clapp... 

do  , 

do 

do 

do 

do , 

do , 


stream. 


Santa  Ana  River 


.do 


W.  B.  Clapp 


do 


Chino  Creek 


.do 
do 
.do 
.do 
do 
do 
.do 
.do 


Chino  Creek 


do 
do 


W.B.  Clapp  and 
E.C.  Murphy.  1 

W.  B.  Clapp...' do 

do I do 

W.B,  Clapp  and do 

W.V.  Hardy.  | 

E.  C.LaRue...! do 

I 

do do 

W.  B.  Clapp... do 

E.  C.LaRue...: do 


do 
do 
do 


do 
do 
do 


Location. 


I  mile  above  Southern 
California  Rwy. 
crossing  at  Olive. 

}  mile  below  Southern 
California  Rwy. 
crosoing  at  Olive. 

At  Rincon  wagon 
bridge. 

do , 


do 
do 
do 
do 
do 
do 
do 


At   Rincon 
bridge. 

do 

do 


wagon 


do 
do 
do 

do 
do 
do 
do 
do 
do 
do 


Dte- 
chai^. 


Second-/!. 
51 


.0 

146 

23 

15 
6.5 
3.4 
2.4 
3.3 
6 
9.2 

14.7 

24 
16.0 

15.0 
4.3 
2.0 

1.5 
1.6 
2.8 
3.6 
5.6 
8.3 
8.7 
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Weir  measurements  of  San  Antonio  Creek  at  division  dam,  Oalifomia,  JSA9-JS9J. 

[Bf  easurementB  by  F.  E.  Tmsk.] 


Date. 


1889. 

July  15 

August  1 

August  15 

SeptemlH*r  2 

iSeptember  16 

Ot'tober  1 

October  17 

November  2 

December  2 

1890. 
Jnlv  15 


DiBChaiiiro- 


Second-/eet. 
20.56 
18.00 
16.40 
16.24 
13.96 
13. 32 
13.94 
23.70 
33.02 

37.71 


D*te. 


1890. 

August  1 

August  15.. 

September  1 

September  16 

1891. 

July  15 

August  1 

August  15 , 

September  13 


Dtoehiirge. 


Second-feet. 
32.08 
26.76 
22.14 
18.92 


20.10 
16. 67 
16.26 
12.26 


Weir  measurements  til  Snn  Antonio  Creek  at  division  box^  California^  189S-190^. 

[Measurements  by  F.  £.  Trask.J 


Date. 


DiiirhaiKe. 


I>at«. 


1S92. 
Julvl5 

September  15 

November  19 

1893. 
August  14 

August  30 

September  25 

October  25 

1894. 
July  16 

1895. 
July  15 

August  22 

September  7 

1896. 
June  25 , 

July  15 

September  15 

1897. 
July  6 

August  16 


Second-feet. 
12.50 

8.16 

7.09 

14.30 
12.72 
12.16 
10.84 

6.00 

18.48 
16.78 
14.20 

6.58 
5.20 
5.44 

17.24 
10.82 


1897. 
September  20 

1898. 
July  5 

August  1 

September  5 

1899. 
July  3 

August  7 

September  3 

1900. 
July  1 

August  6 

September  1 

1902. 
July  21 

August  16 

September  13 


1903. 


August  10. 
August  16. 


DiBcbaixf'- 

Second-frit. 
9.24 

5.24 

4.72 

4.24 

2.98 

3.88 

4.06 

4.36 

3.54 

3.22 

5.30 

4.22 

3.40 

• 

9.40 

7.66 

July  18,  1888,  float  measurement  by  F. 
chaige  for  entire  creek  above  division. 
Gurd  water  purchased  by  the  San  Antonio 
above  division  weir. ) 


E.  Trask  showed  22.12  second-feet  dis- 
( Excludes  Gurd  water =0.4  second-feet. 
Water  Company,  May,  1896,  and  diverted 


yo 
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[NO.  1S4. 


Dhtcharge  jneasuretnents  of  San  Antonio  tunnel  at  the  Portal^  California,  1888-1904. 

[Measurements  by  F.  E.  Traak.] 


April  2.... 
April  15... 
October  10 


Date. 


1888. 


January  10 

May  31 

June  17 

July  15 

August  16... 
Septeml>er  2. 
October  1  . . . 
November  2 . 
December  2  . 


1889. 


1890. 


January  27  . . . 

June  12 

July  15 

August  15 

September  15, 


1891. 


July  15 

August  15 

September  15, 


1892. 


July  16 

September  15. 


July  15 

May  11 
July  16 


1893. 
1894. 


1895. 


July  15  ... 
August  22  . 
September 


1896. 


June  25 

July  15  .• 

September  15. 


1897. 


January  25 . , 

July  19 

August  2 

Sept(»ml)er  6. 


Discharge. 


Second-feet. 
4.84 

2.32 

.73 

1.61 
1.33 
1.26 
.91 
.61 
.61 
.w57 
.86 
.81 

5.58 
2.57 
2.49 
2.23 
1.36 

4.93 
3. 55 
2.74 

3.49 
2.98 

5. 03 

2.72 
2.75 

1.79 
1.53 
1.45 

1.62 
1.52 
1.19 

1.93 
2.08 
1.72 
1.32 


Date. 


October  4. 


1897. 


1898. 


March  16 . . . 

April  4 

May  4 

June  6 

July  5 

August  1 

September  5 
Octol>er  2 . . . 
November  6. 
December  5. 


1899. 


January  3  . . 

May  1 

July  3 

August  7 

December  31 


February  1 
March  5 . . 

April  1 

May  7 

Jufy  1 

October  8. 


1900. 


1902. 


June  28 

July5 

August  2 

September  6 
October  4... 


January  19. 
March  16.. 
April  24  . . . 
July  29.... 
August  24-. 
October  6.. 
December  1 

January  22 
February  8. 
April  6.... 
May  28.... 
June  4 


1903. 


1904. 


Dischanre. 


Second-fret. 
1.19 

1.30 
1.30 
1.21 
1  42 
1.23 
1.12 
1.06 
.97 
1.02 

i.a5 

» 

l.OH 

1.09 

.97 

.95 

1.24 

1.14 
1.07 
1.01 
1.00 
1.00 
1.00 

1.35 
1.32 
1.19 
1.14 
1.08 

.92 
1.29 
4.86 
1.51 
1.25 

.99 
1.07 

1.07 
1.07 
2.32 
1.60 
1.47 
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yaturcU  flow  of  return  tcaJLtr  to  Santa  Ana  Rivera  in  second-feet y  compured  uith  developed 
ivaier  in  San  Bernardino  Valley  above  ColtoUy  Cal.f  1903-4. 

[Measuiemexita  by  K.  Sanborn,  engineer  Riverside  Water  Company.] 


Date. 


Location. 


Brown  tract,  artesian  well. 
Bamhill  pumping  plant. . . 


Bamhill  pumping  plant. 


Bloomington  pumping  plant. 
....do 


1903. 
September  9  . . . 
September  4 

1904. 
May  12 

August  15 ! do 

I 
1903. 

September  4 Bloomington  pumping  plant 

1904. 

>lay  12 

August  17 

1903. 
Angust  17 Beam  ditch 

1904. 

.June  4 i  Beam  ditch 

August  20 do 

1903. 
September  4  . . 

1904. 

May  12 

August  19 

1903.          j 
September  7  . . .   Cooley  tract,  artesian  well 
August  22 Camp  Carlton  ditch 

1904. 

June  4 Camp  Carlton  ditch 

August  19 ' do 

1903. 

Daley  ditch 


City  of  Colton  pumping  plant. . . 

City  of  Colton  (total  all  pumps) 
do 


Dalev  ditch 


Devel- 
oped. 

Natural. 

Second-ft. 

Second-Jl. 

0.11 

.80 

.85 

.77 

........ 

8.82 

.00 

5.61 

September  9 . . 

1904. 

June  4 

August  20 i do 

1903. 
August  18 1  Flume  pump  No.  1,  Riverside  Water  Co. 

IBR  134—05 7 


3.17 

3.00 
2.06 

2.70 
2.20 

2.50 
2.60 


4.08 


0.08 

.02 
.00 


.00 

.00 
.00 


Total. 

Second-Jl. 

0.11 

.80 

.85 
.77 

8.82 

.00 
5.61 

.08 

• 

.02 
.00 

3.17 

3.00 
2.06 

2.70 
2.20 

2.50 
2.60 

.00 

.00 
.00 

4.08 
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Natural  flow  of  return  water  to  Santa  Ana  River,  in  second-feet,  etc. — Continued. 


Date. 


1904. 

May  31 

July  29 

1903. 
August  18 

1904. 

May  31 

July  29 

1903. 
September  9  . . . 
August  21 

1904. 

May  31 

August  15 

1903. 
August  21 

1904. 

May  31 

August  19 

1903. 
September  9  .^ . 
September  4  . . . 

1904. 

June  2 

August  17 

1903. 
August  17 

1904. 

May  13 

August  15 

1903. 
September  4  . . . 

1904. 

June  2 

August  17 

1903. 
September  4 


Location. 


Flume  pump  No.  1,  Riverside  Water  Co. 
do 


Flume  pump  No.  2,  Riverside  Water  Co. 

Flume  pump  No.  2,  Riverside  Water  Co. 
do 


Garner  tract,  artesian  well 
Gage  canal  diversion 


Gage  canal  diversion 
do 


Gage  canal,  Palm  avenue  weir. 

Gage  canal,  Palm  avenue  weir. 
do 


Hurd  tract,  artesian  wells 

H.  T.  Hunter  pumping  plant, 

H.  T.  Hunter  pumping  plant . 
do 


Haws  <fe  Talmadge  ditch 

Haws  &  Talmadge  ditch 
do 


Johnson  &  Hubbanl  pumping  plant 

Johnson  &  Hubbard  pumping  i)lant 
do....^ 


Devel- 
oped. 


I^wson  Well  Ck>.  pumping  plant 


Second-ft. 
1.79 
2.99 

2.63 

1.76 
2.52 

.77 


30.82 

27.80 
31.96 

.21 
1.79 

1.82 
1.54 


Natural. 


TotAl. 


Second-ft. 


.42 

.67 
.39 

.59 


0.00 

.00 
.00 


.00 

.00 
.00 


Second-Jl, 
1.79 
2.99 

2.63 

1.76 
2.52 

.77 
.00 

.00 
.00 

30.82 

27.80 
31.96 

.21 
1.79 

1.82 
1.54 

.00 

.00 
.00 

.42 

.67 
.39 

.59 
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Naiuralflow  of  return  water  to  Stinta  Ana  Rivera  in  second-feet^  etc, — Continued. 


DAte. 


1904. 

June  12 

August  16 

1903. 
September  4  . . . 

1904. 

May  12 

August  15 

1903. 
August  22 

1904. 

June  4 

Ai^ustS 

1903. 
September  1 . . . 

1904. 

May  31 

August  3 

1903. 
September  9  . . . 

1904. 
August  15..  r... 

1903. 
August  17 

1904. 

May  13 

August  12 

1903. 
August  18 

1904. 

May  31 

July  29 

1903. 
September  4  . . . 

1904. 

May  12 

August  17 


Location. 


Devel- 
ODed. 


Natural. 


Secondrjl, 

Lawson  Well  Co.  pumping  plant '      0. 65 

do :        .50 


Lamb  pumping  plant 

Lamb  pumping  plant 
do 


Logsden  &  Farrell  ditch. 

Logsden  &  Farrell  ditch. 
do , 


Meeks  &  Daley  ditch. 

Meeks  &  Daley  ditch. 
do 


Mclntyre  ditch 


Mclntyre  ditch 


McKenzie  ditch 

McKenzie  ditch 
do 


Riverside  Water  Co.,  mill  flume 
do 


Orange  Land  and  Water  Co 

Orange  Land  and  Water  Co. 
do 


I 


Riverside  Water  Co.,  mill  flume 


.24 

.25 
.25 


Second-Jt. 


.67 
.58 


1.08 

1.14 
1.12 


0.00 

.00 
.00 

12.87 

16.30 
16.75 

.00 

.00 

.00 


.00 

2.68 
.00 


Total. 


8econd-Jl. 
0.65 
.60 

.24 

.25 
.25 

.00 

.00 
.00 

12.87 

16.30 
16.75 

.00 

.00 

.00 

.67 
.58 

.00 

2.68 
.00 

1.08 

1.14 
1.12 
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[NO.  IM. 


Ndluralflow  of  return  water  to  SaiUa  Ana  River j  in  seoond-feety  etc, — Continued. 


Date. 


1903. 
September  7 

1904. 
May  12 

Aagastl?... 

1903. 
September  1 

1904. 

May  31 

July  29 

1903. 
September  4 

1904. 
May  12 


Location. 


Rancheria  pumpipg  plant 

Rancheria  pumping  plant 
do 


August  17. 
May  12... 


Riverside  Water  Co.,  upper  canal, 

Riverside  Water  C/o.,  upper  canal 
do 


Riverside  Highland  Water  Co.' s  pump- 
ing plant,  Lytle  Creek. 


Riverside  Highland  Water  Co.'s  pump- 
ing plant,  Lytle  Creek. 

do 


Riverside  Highland  Water  Co.,  Santa 
Ana  River. 

do 


August  19 

19a3. 
August  17 

1904. 

May  13 

August  16 

1903. 
August  19 

1904. 
May  21 River  ditch  pump  ( pumps  Nos.  1  and  2) 


Ral)el  dam  ditch 

Rabel  dam  ditch. 
do 


River  ditch  pump.  Riverside  Water  Co. 


August  23 

1903. 
August  19. 

1904. 
May  31... 
August  15. 

1903. 
August  17. 

1904. 
May  13... 
August  15. 


River  ditch  pump 


C.  W.  Rogers  pumping  plant 

C.  W.  Rogers  pumping  plant 
do 


Shay  <fe  Stout  ditch. 

Shay  &  Stout  ditch. 
do 


Natural. 


Heamd-Jl. 
1.09 


1.46  . 
1.30  ' 

23.89 

29.44 
19.85 

8.98 


7.92 

2.00 
.00 

6.43 


5.79 

9.33 
9.14 

4.44 


32.01 

12.96 

18.28 


.42 

.00 

.00 
.00 


Total. 

Secamdrfl. 
1.09 

1.46 
1.30 

55.90 

42.40 
38.13 

8.98 


7.92 

2.00 
.00 

6.85 

.00 

.00 
.00 

6.79 

9.33 
9.14 

4.44 

.00 
.00 

.00 

.00 
.00 
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Natural  flaw  of  return  water  to  Santa  Ana  i2tr«»,  in  secondrfeet,  etc, — Continned. 


Date. 


location. 


Devel- 
oped. 


Natural. 


Total. 


Wozencraft  tract,  artesian  well. 
Whitlock  ditch 


1903.                                                                                              I  Secund'Jl.  Secondjl. 
September  7 -. .   Swamp  diteh 0.42 

1904. 

June  4 Swamp  ditch 

Ai]g:iigtl2 do 

1903. 

September  9  . . .    Wozencraft  tract  artesian  well 0. 23 

August  22... 

1904. 

June  4 

August  20... 

1903.           i 
August21 i  Ward  &  Warren  ditch 1.44  .17 

1904. 

June  4 1  Ward  A  Warren  ditch 00 

Augtwt20 do 00 

1903. 

Whiting  ditch 


Second-JL 
0.42 


WhiUock  ditch 
do 


.51 

.61 

.47 

.47 

.23 

.00 

.00 

.00 

.00 

.00 

.00 

August  17 
1904. 

June  4 

August  20 
1903. 

August  19. 
1904. 

May  21... 

August  19. 

May  12... 

Augusts.. 

May  12... 


August  17. 
May  31... 
July  29... 
3lay  31... 
August  17. 
May  21... 
August  12. 
August  12. 
August  17. 
May  21... 
August  17. 


West  Riverside,  350-Inch  Water  Co.. 

West  Riverside,  350-Inch  Water  Co.. 

do 

Merryfield  pumping  plant 

do 


Grand  Terrace  Pumpjng  Co.  pumping 
plant. 

do 

Riverside  Water  Co.  mill  pump,  Col  ton. 
do 

City  of  San  Bernardino 

do 

Roeedale  Water  Co 

do 

Carr  pumping  plant 

Lytle  Creek  Water  and  Improvement  Co . 

Mount  Vernon  Water  Co 

do 


3.41 

6.52 

5.35 

.90 

.80 

.34 

.34 

1.32 

1.38 

.82 

1.02 

.60 

.50 

.72 

4.00 


.00 

.00 
.00 


1.87 
1.79 


.91 
.91 


1.61 

.00 
.00 

.00 

.00 
.00 

3.41 

6.52 

5.35 

.90 

.80 

.34 

.34 

1.32 

1.38 

2.69 

2.81 

.60 

.50 

.72 

4.00 

.91 

.91 
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[NO.  1S4. 


Return  waters  in  San  Bernardino  Valley  below  Slover  Mountain  and  above  Riverside 

Narrows^  1903  and  1904. 


[Measurements  by  K.  Sanborn,  engineer  Riverside  Water  Company.] 

Date. 

Ixx»ition. 

Devel- 
oped. 

Natural. 

Total. 

1903. 

Second-Jl. 

Seeond'JI. 

Secondjl, 

August  20 

1904. 

Alvitriz  ditch  at  intake,  West  River- 
side Bridge. 

3.10 

3.10 

May  13.. 

Alvitriz  ditch  at  intake,  West  River- 
side Bridge. 

1.63 

1.63 

AutrustS... 

do 

2.23 

2.23 

1903. 

w 

August  21 

1904. 

Evans  ditch  No.  1  at  intake,  Riverside 
County  line. 

.81 

.81 

May  16 

Evans  ditch  No.  1  at  intake,  Riverside 
County  line. 

2.63 

2.53 

AufiTUSt  11 .....  . 

do 

.00 

.00 

1903. 

August  22...... 

1904. 

Evans  ditch  No.  2  at  intake,  1  mile  be- 
low Riverside  County  line. 

.70 

.70 

May  16 

Evans  ditch  No.  2  at  intake,  1  mile  be- 
low Riverside  County  line. 

2.03 

2.03 

August  11 

do 

1.31 

1.31 

1903. 

August  20 

1904. 

Evans  Island  ditch  under  west  end  of 
West  Riverside  Bridge. 

4.71 

4.71 

May  13 

Evans  Island  ditch  under  west  end  of 
West  Riverside  Bridge. 

3.43 

3.43 

Augusts 

do 

.00 

.00 

June  2 

Evans  well  ditch,  Santa  Ana  street 

0.51 

.51 

Augusts 

do 

.04 

.04 

June  3 

Evans  pipe  line  to  Chino  Gardens,  at 
head  works. 

1.41 

1.41 

Augusts 

do 

.00 

.00 

Augusts 

Evans  pumping  plant,  1 ,000  feet  south 
of  west  end  of  West  Riverside  Bridge. 

3.03 

1 

3.03 

1 

August  IS 

1903. 

Evans  Jurupa  pumping-plant  weir,  end 
of  force  main. 

2.00 

2.00 

August  21 . . 

1904. 

Lower  canal  Riverside  Water  Co.,  at 
head. 

2.a5 

2.05 

May  21 

I»wer  canal   Riverside  Water  Co.,  at 
head. 

3.15 

3.15 

Aufltistll 

do 

.39 

.39 
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jRdiim  vkUern  in  San  Bernardino  Valley  below  Slaver  Mountain,  etc. — C^ontinued. 


Date. 


1903. 
AagiiBt2l. 

1904. 
Mav  16  _ . . 
Augusts.. 
June  3 .  - . 
Augn£rt;8.. 
June  3  - .  - 
August  18. 
August  18. 


Location. 


Rubidoux  canal  at  head 


Devel- 
oped. 


Second-/l. 
1.74 


Rubidoux  canal  at  head 

do 

Ferris  (lallagher  ditch  near  head 

do 

Gallagher  ditch  near  head  works 
do 


Cuttle's  pumping-plant  weir  at  end  of        2. 45 
force  main. 


June  3 '  Jurupa  pumping  plant  to  supply  Rubi- 
doux ditch. 


August  11 
Mav  16.. 


.August  18. 
Augusts.. 


.do 


Riverside  Power  CJo.'s  canal  near  River 
Narrows. 

do 

Soquel  ditch 


.00 
4.35 


Augusts Spanishtown    pumping-plant   weir    at 

end  of  force  main. 

Augusts ;  Spring  Brook   pumping-plant  weir  at 

end  of  force  main. 


June  3 


Zimmerman  pipe  line  at  intake,  near 
dam. 

do 


Augusts 

1903. 

1 

August  25 Santa  Ana  River  at  NarrowH . 


3.22 


Natural. 


Second-fl, 
4.78 


6.49 
2.82 
1.72 
1.71 
.86 
.92 


38.30 

29.50 
1.49 


4.84 

.00 

1.08 

40.70 


Total. 


Second-Jl. 
6.52 


6.49 
2.82 
1.72 
1.71 
.86 
.92 
2.45 

.00 

4.35 
38.30 

29.50 
1.49 
3.22 

4.84 

.00 

1.08 

40.  70 


SAN  FRANCISCO  IJAY  DRAINAGK  BASIN. 

Sacramento  River,  rising  in  northern  California  and  flowing  south, 
and  San  Joaquin  River,  rising  in  the  southern  Sierras  and  flowing 
northeast,  drain  the  western  slope  of  the  Sierra  Nevada,  traverse  what 
is  often  called  the  Vallev  of  California,  and  meet  near  Suisum  Bav, 
finall}^  discharging  their  waters  into  the  Pacific  Ocean  through  San 
Francisco  Ba3\ 

Sacramento  River  derives  its  water  supply  largely  from  Mount 
Shasta  and  the  surrounding  high  ranges  in  the  extreme  northern  por^ 
tion  of  California.  The  stream  does  not  have  the  same  regular  annual 
fluctuations  that  characterize  the  rivers  discharging  from  the  higher 
Sierra  Nevada,  since  a  large  part  of  it«  basin  is  not  at  an  elevation 
sufficient  to  cause  the  winter  snows  to  remain  unmelted  until  the  sum- 
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mer  months.     The  greatest  floods  of  this  basin  usually  occur  in  Janu- 
ary and  February,  when  the  snow  is  accompanied  or  followed  by  rain. 

San  Joaquin  River  is  divided  into  two  distinct  parts.  The  valley 
portion  forms  the  central  drainage  line  of  San  Joaquin  Valley,  and 
during  the  spring  is  navigable  for  a  hundred  miles  or  more.  Staniis- 
laus,  Tuolumne,  and  King  rivers  are  the  largest  affluents  of  this  por- 
tion of  the  stream.  Its  valle}'  is  fertile  and  almost  destitute  of  timber. 
The  mountainous  portion  of  the  stream  drains  the  western  slopes  of 
the  Sierra  Nevada  between  Yosemite  National  Park  and  Mount  God- 
dard,  the  crest  of  its  divide  reaching  on  the  north  an  elevation  of 
13,000  feet  in  Mount  Lyell,  and  an  elevation  of  14,000  feet  in  Mount 
Goddard.  The  resulting  steep  grades  of  this  river  offer  exceptional 
opportunities  for  water-power  developments,  and  the  high  elevations 
of  the  basin  insure  a  well-sustained  summer  flow  from  perpetual  snow 
banks. 

The  following  streams  are  tributary  to  either  Sacramento  or  San 
Joaquin  rivers: 

Cache  Creek  is  the  outlet  of  Clear  Lake,  in  Lake  County,  Cal. 
Flowing  southeasterly,  its  flood  waters  find  their  wa\'  into  Sacramento 
River  between  the  mouths  of  Feather  and  American  rivers.  In  1889 
Clear  Lake  was  segregated  as  a  reservoir  site,  as  described  in  the 
Thirteenth  Annual  Report,  part  3,  pages  405-409.  During  1900  a 
hydrographic  examination  of  the  entire  basin  of  Cache  Creek  was 
made  by  A.  E.  Chandler,  whose  detailed  report  has  been  published  as 
Water-Supply  Paper  No.  45. 

Feather  River  is  the  second  largest  tributary  of  Sacramento  River, 
Pit  River  being  the  first.  Its  basin  line  follows  the  crest  of  the 
Sierra  Nevada  for  about  130  miles.  The  rainfall  in  this  basin  is  large; 
the  mean  for  nineteen  j'ears  at  Mumfords  Hill,  Plumas  County,  is 
71.64  inches;  the  rainfall  for  the  year  1889-90  at  this  point  reached 
138.85  inches.  The  water  collected  by  the  river  when  rains  are  gen- 
em\  sometimes  causes  tremendous  freshets,  usuallv  of  short  dumtion. 
The  river  has  at  such  times  overtopped  its  right  bank  and  overflowed 
the  plain  lands  to  the  north  of  Sutter  Buttes.  This  occurred  even 
before  the  great  reduction  of  waterway  below  the  mouth  of  Yuba 
River.  The  channel  of  the  river  below  its  junction  with  the  Yuba  has 
become  the  repository  of  so  much  mining  debris  that  its  bed  has 
become  nearly  filled.  Its  bottom  is  almost  at  the  heights  of  its  former 
banks,  and  levees  have  been  built  to  prevent  overflowing.  Only  a 
comparativel}'  small  portion  of  the  summer  flow  of  this  stream  is  used 
for  irrigation,  though  the  possibilities  of  irrigation  and  power  devel- 
opment are  great. 

There  are  some  excellent  reservoir  sites  on  the  upper  tributaries  of 
the  North  Fork  of  the  Feather.     This  stream  is  fed  in  part  by  large 
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springs,  one  of  which,  in  Big  Meadows,  was  flowing  109  cubic  feot  jhm* 
second  in  September,  1902,  and  another  64  cubic  feet  per  second. 

Stony  Creek  drains  76(>  square  miles  of  the  eastern  slopes  of  the 
Coast  Range.  After  reaching  tlie  Sacramento  Valley  it  flows  north 
for  a  number  of  miles,  contrary  to  the  geneml  drainage,  and  then 
turns  east  and  enters  Sacramento  River  below  Vina,  Cal.  A  large  por- 
tion of  the  basin  near  the  heads  of  the  stream  is  he^ivilv  covered  with 
commercial  timber.  There  are  a  numlnM-  of  good  reservoir  sites  on 
this  stream  and  its  tributaries. 

Tuolumne  River  rises  on  the  western  slope  of  the  Sierra  Nevada  in 
California  and  drains  the  countr}'  l)etween  Stanislaus  River  on  the 
north  and  Merced  River  on  the  south.  The  northern  half  of  Yosemite 
National  Park  includes  a  portion  of  the  dminage  Iwisin  of  this  stream. 
The  river  is  fed  largely  from  small  mountain  lakes  occurring  high  in 
the  drainage  basin,  where  the  snow  remains  on  the  mountain  slopes 
throughout  the  year,  thus  insuring  a  large  run-off.  The  stream  has  a 
heavy  fall,  and  the  opportunities  for  pow  er  development  are  numerous. 
There  are  also  a  number  of  reservoir  sites  in  the  basin  where  flood 
water  could  be  stored  for  use  during  the  irrigation  season.  The  Tuo- 
lumne is  an  important  tributary  of  the  San  Joaquin. 

Merced  River  above  Merced  Falls  drains  approximately  1,090  square 
miles  of  the  western  slopes  of  the  Sierra  Nevada.  There  are  included 
in  the  eastern  portion  of  its  dminage  area  a  large  number  of  high 
peaks,  the  highest.  Mount  Lyell,  reaching  an  elevation  of  13,042  feet. 
Its  basin  lies  south  of  that  of  the  Tuolumne,  the  courses  of  the  two 
streams  being  nearly  parallel. 

King  River  rises  on  the  western  slope  of  the  Sierra  Nevada,  in 
Fresno  County,  Cal.  The  waters  coming  from  the  high  catchment 
Imsin  are  probably  of  greater  value  for  irrigation  purposes  than  those 
of  any  other  stream  in  central  California,  l)eing  used  for  raising  grapes 
and  deciduous  fruits  in  the  neighliorhood  of  Fresno,  Selma,  and  Han- 
ford.  The  summer  flow  of  the  river  is  now  entirely  diverted,  and 
during  the  dry  seiuson  of  the  last  few  years  the  scarcit}'  of  water  has 
caused  many  hardships.  In  the  spring  there  is  a  large  surplus,  due  to 
the  melting  of  snows,  which,  if  stored  in  suitable  reservoirs,  would 
bring  larger  areas  under  cultivation.  The  river  has  a  relatively  gentle 
grade,  affording  little  opportunity  for  power  development. 

Tule  River  drains  a  portion  of  the  western  slope  of  the  Sierra 
Nevada.  Its  basin  has  somewhat  less  run-off  than  that  of  Kaweah 
River,  which  joins  it  on  the  north,  and  is  much  less  elevated  and  snow- 
(*overed  than  King  River  basin.  The  water  of  this  stream  is  all  appro- 
priated during  the  irrigation  season,  and  a  portion  is  used  in  irrigating 
valuable  orange  lands  in  the  vicinity  of  Portersville,  Cal. 

Kern  River  flows  from  the  southern  end  of  the  Sierra  Nevada,  being 
formed  by  two  large  tributaries,  known  as  North  and  South  forks. 
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These  have  a  general  southerly  and  parallel  course  and  unite  a  short 
distance  below  the  town  of  Kernville.  The  run-oflF  from  the  drainage 
basin  as  a  whole  is  notably  less  than  that  from  the  catchment  areas  to 
the  north.  This  is  probably  due  to  the  fact  that  a  portion  of  the  basin 
is  to  the  east  of  the  high  crest,  and  is  sheltered  by  the  mountain  mass 
from  the  rain-bearing  winds.  The  waters  of  Kern  River  are  almost 
completely  used  for  irrigation  by  the  large  canals  in  the  southern  end 
of  the  San  Joaquin  Valley.  The  greater  part  of  the  land  is  included 
in  large  holdings  owned  by  the  Kern  County  Land  Company  or  by 
the  Miller  and  Lux  estate.  The  winter  waters  are  in  part  stored  by 
the  Miller  and  Lux  estate  in  Buena  Vista  Lake,  into  which  the  river 
naturally  discharges.  The  waters  of  this  lake  are  controlled  by  a 
system  of  levees,  so  that  they  can  be  used  during  the  following  sum- 
mer to  irrigate  lands  lying  to  the  northwest.  This  lake  is  very  broad 
and  shallow,  and  there  is  great  loss  by  evaporation,  so  that  as  a  matter 
of  economy  it  would  be  desirable  to  hold  this  water  in  the  upper 
mountain  valleys.  This  would  afford  also  a  large  supply  for  water 
power. 

The  fall  of  Kern  River  is  sufficiently  large  for  the  development  of 
a  considerable  amount  of  water  power. 

The  following  pages  give  the  results  of  data  collected  in  the  San 
Francisco  Bay  drainage  basin  during  1904: 

PUTA  CREEK  NEAR  GUENOC,  CAL. 

This  s%tion  was  established  on  February  12,  1904.  It  is  located 
about  1  mile  below  the  town  of  Guenoc  and  at  the  Guenoc  dam  site. 
The  gage  is  made  of  2  by  6  inch  plank,  and  is  graduated  to  feet  and 
tenths.  There  are  two  sections  of  the  gage,  both  being  fastened  to 
trees.  These  gages  are  about  500  feet  upstream  from  the  station,  and 
are  read  once  a  day  at  ordinary  stages  of  the  creek  and  twice  each  day, 
in  times  of  high  water,  by  Mrs.  Irene  Asbill,  the  observer.  Discharge 
measurements  are  made  from  a  car  and  cable.  An  auxiliary  cable  has 
l>een  placed  150  feet  downstream  parallel  to  the  large  one,  so  that  float 
measurements  can  be  easily  made  in  times  of  very  high  water.  The 
initial  point  for  soundings  is  the  eyebolt  to  which  the  cable  is  fastened 
on  the  left  bank.  The  channel  is  straight  for  250  feet  above  and  below 
the  station.  At  ordinary  and  low-water  stages  the  velocity  is  mod- 
erate. The  left  bank  is  high  and  is  not  subject  to  overflow.  For 
gage  readings  above  20  feet  the  water  spreads  over  a  bench  on  the 
right  side,  but  does  not  overflow  the  bank.  The  bed  of  the  stream  is 
composed  of  gravel  and  is  not  subject  to  any  material  change.  The 
bench  mark  is  a  spike  driven  in  the  root  of  the  tree  to  which  the  upper 
section  of  the  gage  is  fastened,  and  its  elevation  is  16.44  feet  above  the 
zero  of  the  gage. 
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The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  6.  Bennett  and  W.  B.  Clapp,  district  hydrc^rapbers. 

Discharge  measurements  of  PiUa  C^eek  near  GuenoCy  Cal.y  in  1904. 


Date. 


February  12  . .  . 
Febnuiry  12  . . . 

July  12 

August  22 

November  15... 


Hydrograpber. 


S.  G.  Bennett., 

do 

W.  B.  Clapp... 

do 

O.W.Peterson 


height. 

Discharge. 

f^et. 

Second-feet. 

12.0 

12,  721 

13.7 

14,536 

3.62 

14.7 

3.50 

9.5 

4.27 
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Mean  daUy  gage  heigfU,  infeeiy  of  Puta  Creek  near  Guenoc^  Cal.y  for  1904. 


Day. 


1. 
2. 

S. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
U. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
2f». 
26. 
27. 
28. 
29. 
». 
SI. 


Jan. 


Feb. 


9.20 
6.50 
6.80 

14.40 
9.10 
6.60 
6.85 
5.60 
5.26 
6.30 
6.95 
5.75 

13.35 
6.85 
9.26 
7.45 
6.25 
6.00 


Mar. 

6.70 
5.65 
6.36 
6.16 
6.10 
6.06 
6.15 
6.46 
6.36 
16.66 
8.00 
6.45 
6.85 
7.20 
6.20 
5.65 
9.70 
7.85 
8.75 
6.90 
6.20 
6.00 
6.36 
6.05 
5.80 
6.96 
6.80 
9.10 
7.25 
6.25 
5.85 


-\pr. 


6.65 
6.46 
6.36 
6.20 
6.10 
6.00 
4.90 
4.80 
4.80 
4.70 
4.70 
4.60 
4.60 
4.70 
4.70 
4.60 
4.60 
(6.10) 
5.60 
5.10 
4.80 
4.80 
4.70 
4.60 
4.60 
4.70 
4.70 
4.80 
4.70 
4.60 


Hay. 


4.60 
4.60 
4.50 
4.50 
4.40 
4.40 
4.30 
4.80 
4.30 
4.20 
4.20 
4.20 
4.20 
4.20 
4.10 
4.10 
4.10 
4.10 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
(4.00) 
(4.00) 
4.00 
4.00 
4.00 
4.00 


3.90 

(3.90) 

3.90 

3.90 

3.90 

(3.90) 

(3.90) 

8.90 

3.80 

3.80 

(3.80) 

3.80 

(3.80) 

3.80 

3.70 

3.70  ' 

3,70 

(3.70) 

3.70 

3.70 

3.70 

3.70 

(3. 70) 

(3. 70) 

3.70 

3.70 

(3.70) 

(3.70)1 

3.70 

3.70 


July. 

3.70 
3.70 
3.70 

(3.70) 
8.70 
3.70 

(3.70) 
3.70 
3.70 
3.60 
8.60 

(3.60) 
3.60 
3.60 

(3.60) 
3.60 
3.60 
3.60 
3.60 
3.60 
3.50 
3.60 
3.60 
3.60 

(3,60) 

(3,60) 
3.60 
3.60 
3.60 
3.60 
3.60 


Aug. 


(3.60) 

3.60 

3.60 

(3.60) 

3.60 

(8.60) 

3.60 

(3.60) 

3.50 

(3.60) 

(3.60) 

3.50 

3.50 

(3.60) 

(3.50) 

(3.50) 

(3. 50) 

(3.60) 

(3.50) 

(3.50) 

(3, 50) 

3,50 

3.50 

(3,90) 

3.50 

3.50 

3.50 

3.50 

(3.50) 

3.50 

3.50 


Sept. 


(3.60) 
3.60 
3.60 
3.50 
3.60 
8.60 
3.60 
3.50 

(3.60) 
3.50 
3.50 

(3.60) 
3.50 
3.60 
3.50 
3.50 
3.50 
3.50 
3.50 
3,50 
3,50 
3.50 
3.50 
3.80 
3,90 
3.80 
3,60 
3.60 

(3. 60) 
3.60 


Oct. 

3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.70 
4.70 
6.40 
5.00 
4.50 
4.30 
4.20 
4.% 
4.20 
4.20 
4.20 
4.10 
4,10 
4.10 
4.00 
4.00 
3.90 
3.90 
3.80 
3.80 
3.80 
3.80 
3.80 
3.70 


3.70 
3.70 
3.80 
8.80 
3.80 
3.90 
8.90 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
4.20 
4.10 
4.00 
4.00 
4.00 
3.90 
3.90 
3.90 
3.90 
3.80 
3,80 
3.80 
3,80 
3.80 
3.80 
3.90 


Dec. 


3.90 
4.00 
4.00 
4.10 
4.10 
4.10 
4.00 
4.00 
3.90 
3.90 
3.90 
3.90 
4.00 
4.00 
4.00 
3.90 
3,90 
3.90 
4.00 
4.00 
4.00 
4.10 
4,10 
4.10 
4,10 
4.20 
4,20 
4.20 
4,20 
12. 76 
11,25 


Note.— Qage  heighta  in  parenthesis  are  estimated. 
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Rating  table  far  PtUa  Oreek  near  GuenoCy  Col,,  from  January  1  to  December  SJ,  1904^ 


J'Jstimaied  monthly  discharge  of  Puta  Creek  near  GuenoCj  CaLyfor  1904* 

[Drainage  area,  91  square  miles.] 


Gage 
height. 

Feet. 

DiHcharge. 

Gage 
height. 

Feet. 

1 
Dii9chargo. 

Gage 
height. 

1 

Disicharge. 

height. 

Dischaige. 

Stcond'Jcci. 

Second-feet. 

Feet. 

Second-feet. 

Feel. 

Second-feet. 

3.50 

9.5 

5.00 

310 

6.50 

1,200 

9.00 

5,000 

3.60 

14 

5.10 

350 

6.60 

1,300 

9.20 

5,400 

3.70 

22 

5.20 

400 

6.70 

1,400 

9.40 

5,800 

3.80 

34 

5.30 

450 

6.80 

1,500 

9.60 

6,230 

3.90 

47 

5.40 

500 

6.90 

1,600 

9.80 

6,690 

4.00 

60 

5.50 

550 

7.00 

1,700 

10.00 

7,150 

4.10 

75 

5.60 

600 

7.20 

1,950 

10.50 

8,300 

4.20 

90 

5.  70 

660 

7.40 

2,200 

11.00 

9,450 

4.30 

110 

5.80 

720 

7.60 

2,490 

11.50 

10,600 

4.40 

V^ 

5.90 

780 

7.80 

2,800 

12.00 

11,800 

4.50 

155 

6.00 

840 

8.00 

3,120 

13.00 

14,200 

4.60 

180 

6.10 

900 

8.20 

3,440 

14.00 

16,700 

4.70 

205 

'       6.20 

960 

8.40 

3,800 

1 

1 

4.80 

240 

6.30 

1,040 

8.60 

4,200 

4.90 

275 

6.40 

1,120 

8.80 

4,600 

1 

Month. 


Discharge  in  second-feet. 


Maximum. 


January  . 
February 

March 

April 


IV, 
23, 


May , 

June 

July 

August 

Septeniljer 
Octoljer  .. 
November 
December 


13, 


60 

700 

325 

630 

180 

47 

22 

14 

47 

500 

90 

600 


The  vear 


23,  325 


Minimum. 

60 

60 
330 
180 

60 

22 

14 
9.5 
9.5 
9.5 

22 

47 

9.5 


Mean. 


«60 

2,515 

2,168 

279 

89 

31 

16 

11 

13 

80 

42 

821 


Run-off. 


Total  in 
acre-feet. 


510 


3,689 

144, 664 

133,305 

16,602 


Second -feet 

per  BQuare 

mile. 


0.66 
27.64 
23.18 

3.07 


5, 472 

.98 

1,845 

.34 

984 

.18* 

676 

.12 

774 

.14 

4,919 

.88 

2,499 

.46 

50,481 

9.02 

366,910 

6.61 

Depth  in 
inches. 


0.76 

29.81 

27.46 

3.43 

1.13 

.38 

.21 

.14 

.16 

1,01 

.51 

10.40 

75.40 


u  KMtimated. 


CLAPP.] 
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Evaporation  record  of  Clear  Lake  at  Lakeport,  Cal.y  1901-1904* 

[D.  C.  Rumflcy,  observer.] 


1901. 


Month. 


Evaporation  in 
Inches. 


1902. 

Evaporation  in 
inches. 


1908. 


1904. 


Evaporation  in      ' 


LDO: 

ln< 


ncheH. 


Evaporation  in 
Inches. 


T^ke. 

Land. 

Lake,    i     Land. 

Lake. 

January  

February . . . 

March 

April 

May 

Jane 

July 

August 

September.. 

October 

November . . 
December  .. 

0.85 
.95 
2.40 
3.05 
3.70 
3.95 
5.15 
5.00 
3.36 
2.30 
.85 
1.30 



«1.6 
2.45 
1.05 
.95 

0.85 

.25 

1.60 

2.60 

4.00 

4.65 

6.65 

4.40 

4.10 

1.95 

.45 

.40 

0.85 

.30 

1.55 

2.35 

3.70 

5.15 

7.40 

4.95 

4.40 

1.85 

.45 

.45 

0.50 

.80 

.65 

2.18 

5.12 

5.25 

6.33 

7.00 

5.12 

2.65 

1.07 

.92' 

37.59 

Anniial... 

m 

32.85 

6.05 

31.90 

33.40 

Land. 


I^kc*. 


Land. 


0.60 

0.95 

0.85 

.75 

.35 

.35 

.65 

.50 

.50 

2.36 

1.95 

2.10 

5.74 

4.60 

5.05 

7.56 

7.00 

7.40 

8.37 

7.45 

8.60 

7.77 

7. 15 

7.85 

5.09 

4.85 

5.05 

2.45 

2.05 

2.:so 

i.a5 

1.25 

1.:^*) 

.79 

.75 

.75 

43.18 

38.85 

42. 15 

a  September  16  to  29. 
CACHE   CREEK  AT  liOWER   LAKE,  CAL. 

This  station  was  established  January  1, 1900,  by  S.  G.  Bennett.  The 
original  gage  was  located  at  the  wagon  bridge,  from  which  discharge 
measurements  were  made.  On  March  26,  1903,  a  cable  was  installed 
300  feet  above  the  bridge,  and  a  new  gage  was  established  100  feet 
above  the  cable.  The  present  gage  is  a  vertical  1  by  3  inch  plank 
nailed  to  a  6  by  6  inch  timber  driven  into  the  bed  of  the  river  and 
fastened  to  a  large  willow  tree  on  the  left  bank.  On  March  26,  when 
the  new  gage  was  put  in  place,  the  reading  was  5.7  feet.  The  old 
gage  read  4.4  feet  on  the  same  date.  The  gage  is  read  once  each  day 
by  Mrs.  J.  K.  Anderson.  The  initial  point  for  soundings  is  a  small 
tree  in  line  with  the  cable  on  the  left  bank,  28  feet  from  the  tree  to 
which  the  cable  is  attached.  The  channel  is  straight  for  150  feet  above 
and  for  300  feet  below  the  station.  The  current  has  a  moderate  veloc- 
ity at  ordinary  stages.  The  right  bank  is  low  and  will  overflow  at  a 
gage  height  of  about  10  feet.  It  is  cov^ered  with  a  thick  growth  of 
willow  and  oak  trees  for  100  feet  back  from  the  water's  edge.  The 
left  bank  is  high  and  rocky  and  is  not  liable  to  overflow.  The  bed 
of  the  stream  is  composed  of  firm  gravel  and  changes  only  slightly. 
Gravel  is  sometimes  washed  in  from  Siegler  Creek,  300  feet  below  the 
cable.  The  bench  mark  is  a  nail  in  the  root  of  the  oak  tree  to  which 
cable  is  fastened  on  the  left  bank.  Its  elevation  is  8.32  feet  above  the 
zero  of  the  gage. 
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The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  mecuiuremenls  of  Cache  Creek  ai  Lower  Lake,  Cal.,  in  1904* 


Date. 


Hydrographer. 


January  2 

January  9 

January  16 

January  23 

January  31 

February  6  . .  - 
February  12  . . 
February  13  . . 

February  21 do 

February  24 do 

February  27 do 

March  6 do 

March  12 ' do 

March  19 do 


J.  R.  Anderson. 
do 


do 
.do 
.do 
.do 
do 
do 


March  23 do 

March  26 do 

March  28 1 do 

I 

April  17 do 

April  24 1 do 

May  2 do 

May  7 .do 

May  14 do 

May  20 do 

May  28 | do 

June  4. do 

June  11 ' do 

I 
June  18 do 

June  27 do 

July  4 do 

July  9 do 

July  16 do 

July  23 do 

July  30 do 

August  6 ; do 

August  13 

August  21 

August  20 

August  27 

September  3  . . 


-...do 

W.  B.  Clapp... 
J.  R.  Anderson, 

....do , 

....do 


heSft.      ^^^^^' 


Feet. 

Seeondr/eet, 

3.50 

194 

3.60 

206 

3.60 

210 

3.70 

238 

3.70 

239 

3.80 

250 

4.48 

277 

4.30 

363 

5.30 

633 

7.58 

281 

7.40 

1,108 

7.90 

1,286 

10.50 

2,412 

11.40 

2,759 

11.60 

3,275 

11.50 

3,009 

12.00 

2,700 

10.50 

2,631 

10.00 

2,363 

9.50 

2,008 

8.80 

1,774 

8.20 

1,550 

7.20 

1,238 

6.55 

1,026 

6.15 

924 

5.80 

842 

5.60 

780 

5.30 

678 

5.10 

598 

4.85 

500 

4.70 

473 

4.50 

419 

4.35 

407 

4.20 

359 

4.10 

325 

3.90 

287 

3.90 

282 

3.80 

260 

3.60 

231 

CLAPP.J 
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Distcharge  measurements  of  Cache  (Veek  at  Ixfwrr  lAtke,  C«/.,  in  1904 — Continued. 


Date. 


September  10 
September  17 
September  24 

October  1 

Octobers 

October  16... 
October  23--. 
October  30... 
November  5-- 
November  13. 
November20- 
November  26. 
December  4 . . 
December  11 . 
December  17 . 


Hydrofrrapher. 


J.  R.  Anderson 
do 


.do 
do 
.do 
do 
.do 
do 
.do 
do 
.do 
do 
.do 
.do 
.do 


Oa^e 
heignt. 


Feel. 
3.55 
3.45 
3.35 
3.40 
3.30 
3.50 
3.40 
3.40 
3.30 
3.25 
3.30 
3.20 
3.25 
3.25 
3.30 


Dlncharge. 


Seeond-feeL 
201 
180 
160 
166 
149 
191 
168 
164 
145 
137 
142 
128 
«129 
122 
130 


Mean  daily  gage  heighly  in  feet,  of  Cache  Creek  at  Louder  Lake,  Cal.yfor  1904' 


Day. 

Jan. 

Feb. 

Mar. 

7.80 

7.90 

7.96 

7.95 

a7.90 

8.06 

8.10 

8.45 

8.20 

10.15 

10.26 

al0.60 

10.60 

10.75 

10.80 

10.75 

11.00 

11.20 

all. 40 

11.66 

11.66 

11.60 

11.60 

11.80 

11.65 

all.  50 

11.60 

al2.80 

12.00 

12.00 

12,00 

Apr. 

12.10 
12.10 
12.00 
11.90 
11.86 
11.70 
11.60 
11.45 
11.40 
11.25 
11.20 
11.10 
10.96 
10.80 
10.75 
10.60 
10.50 
10.36 
10.50 
10. 45 
10.25 
10.30 
10.10 
10.00 
9.85 
9.85 
9.70 
9.70 
9.60 
9.55 

May. 

June. 

July. 

Aug. 

4.80 
4.25 
4.26 
4.20 
4.20 
4.20 
4.20 
4.15 
4.15 
4.10 
4.10 
4.10 
4.10 
4.05 
4.05 
4.00 
4.00 
4.00 
3.90 
3.90 
3.90 
3.90 
3.85 
3.85 
3.80 
3.80 
3.80 
3.80 
3.76 
3.75 
3.70 

Sept. 

3.70 
3.66 
3.65 
3.60 
8.60 
3.60 
8.60 
3.60 
3.56 
3.55 
3.55 
3.50 
3.60 
3.50 
3.50 
3.45 
3.45 
3.40 
8.40 
3.40 
3.40 
3.40 
3.40 
3.35 
3.46 
3.45 
3.45 
3.45 
3.40 
3.40 

Oct 

3.40 
3.40 
3.40 
3.35 
3.35 
8.40 
3.80 
3.30 
3.35 
3.35 
3.66 
3.60 
3.45 
3.40 
3.50 
3.50 
3.45 
3.46 
3.45 
3.40 
3.40 
3.40 
3.40 
3.40 
3.35 
3.35 
3.35 
3.35 
8.35 
3.40 
3.35 

Nov. 

Dec. 

1 

8.60 
3.50 
3.50 
3.60 
3.66 
8.56 
3.66 
3.56 
8.60 
3.56 
3.60 
3.66 
8.66 
3.60 
3.60 
3.60 
3.70 
3.66 
8.70 
3.70 
8.70 
8.70 
8.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
8.70 

3.70 
8.70 
8.70 
3.80 
3.76 
3.80 
3.80 
3.85 
3.80 
8.80 
3.80 

a4.65 
4.30 
4.40 
6.10 
5.00 
6.00 
6.05 
5.10 
5.20 
5.30 
6.46 
6.60 

a  7. 10 
6.46 

a7.40 
7.40 
7.60 
7.70 

9.50 
9.40 
9.30 
9.20 
9.15 
9.00 
8.80 
8.75 
8.65 
8.55 
8.50 
8.40 
8.30 
8.20 
8.10 
7.90 
7.70 
7.70 
7.40 
7.25 
7.10 
7.00 
6.90 
6.90 
6.80 
6.70 
6.65 
6.65 
6,50 
6.60 
6.40 

6.80 
6.26 
6.80 
6.16 
6.10 
6.20 
6.10 
6.00 
6.00 
6.90 
5.80 
6.80 
6.70 
6.70 
6.70 
6.65 
6.60 
5.65 
5.60 
5.50 
5.60 
5.50 
5.40 
5.35 
5.35 
5.30 
5.30 
5.25 
5.20 
5.20 

5.15 
6.15 
5.10 
5.10 
5.05 
5.05 
5.00 
5.00 
4.90 
4.85 
4.85 
4.80 
4.80 
4.80 
4.76 
4.70 
4.66 
4.65 
4.60 
4.60 
4.55 
4.55 
4.50 
4.50 
4.50 
4.60 
4.45 
4.45 
4.40 
4.35 
4.30 

8.30 
3.30 
3.30 
3.80 
3.30 
3.30 
8.35 
3.35 
8.35 
8.80 
3.30 
8.25 
3.26 
8.36 
8.30 
3.26 
3.25 
8.26 
3.25 
3.26 
8.25 
8.25 
3.25 
8.25 
3.20 
3.20 
3.30 
3.30 
3.30 
3.35 

3.30 

2 

3 

3.80 
3.30 

4 

5 

3.25 
3.25 

6 

8.25 

7 

3.26 

8 

3.26 

9 

8.25 

10 

3.26 

11 

3.25 

12 

8.26 

18 

8.25 

14 

15 

3.90 
8.30 

16 

3.30 

17 

3.30 

18 

8.30 

19 

3.80 

20 

3.30 

21 

3.30 

22 

3.80 

23 

3.30 

24 

25 

3.40 
8.30 

26 

3.30 

27 

3.80 

28 

3.25 

29 

3.30 

9D 

5.80 

31 

4.10 

a  Gage  height  increased  by  bacic water.    Rating  table  not  used.    Discharge  fur  day  determined  by 
meter  measurement. 
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Rating  taNe  for  Cach^  Oeek  at  Jjower  Lake^  CktL^  from  January  1  to  Dea-nifter  31,  1904- 


Ga*rc 
height. 


Discharge. 


(lagc 
height. 


l>1,s,.h«rKe.  J    ,«X, 


Di.Hcharge. 


Gage 
leight. 


heig 


Fcrt. 

SectmdffeL 

/Vrt. 

St(fmd-/cf 

3.20 

126     1 

4.70 

475 

3.30 

147 

4.80 

500 

3.40 

168 

4.90 

526 

3.50 

189     1 

5.00 

550 

3.60 

210 

5.10 

580 

3.70 

231     , 

5.20 

610 

3.80 

253 

5.30 

640 

3.90 

276 

5.40 

670 

4.00 

300 

5.50 

700 

i.io 

325     1 

5.60 

7^0 

4.20 

350 

5.70 

760 

4.30 

375 

5.80 

790 

4.40 

400 

5.90 

820 

4.50 

425 

6.00 

850 

4.60 

450 

6.10 

880 

Feet. 

Sramd-fcti 

6.20 

910 

6.30 

940 

6.40 

970 

6.50 

1,000 

6.60 

1,030 

6.70 

1,060 

6.80 

1,090 

6.90 

1,120 

7.00 

1,150 

7.20 

1,220 

7.40 

1,290 

7.60 

1,360 

7.80 

1,430 

8.00 

1,500 

8.20 

1,670 

ITeet. 

8.40 

8.60 

8.80 

9.00 

9.20 

9.40 

9.60 

9.80 

10.00 

10.50 

11.00 

11.60 

12.00 


DischAi]ge. 

Second-fett. 
1,&40 
1,710 
1,780 
1,860 
1,930 
2,010 
2,100 
2,200 

2, 6(00 
2,900 
3,250 
3,600 


I 


Ks^'iJiutted  monthly  dijickarge  of  Cache  Creek  at  Ixtwer  Lake^  Cat. ^  for  1904- 

[Dminage  area,  fiOO  s<iuare  inlleH.] 


Month. 


1904. 

January  

February 

March 

April 

May 

June 

July • 

August 

Septeml^r 

Octol)er 

Noveml)er 

l)ereinl)er 

The  vear 


1 

Discharge  in  Heeond-feet. 

Total  in 
acre-feet. 

Run-< 

Second-feet 

per  fifluare 

mile. 

>ff. 

Maximum. 

Minimum. 

Mean. 

Depth  in 
inches. 

231 

189 

216  i 

13,281 

0.43 

0.50 

1,395 

231 

541 

31, 119 

1.08 

1.16 

3,600 

1,286 

2,  588  ' 

1 

159, 130 

5.18 

6.97 

3,680 

2,075 

2,801 

166,671 

5.60 

6.26 

2, 050 

970 

1,460  ' 

89,  772 

2.92 

3.37 

940 

610 

762 

45,  342 

1.52 

1.70 

595 

375 

483 

29,699 

.97 

1.12 

375 

231 

302  1 

18,669 

.60 

.69 

231 

158 

188 

1 

11,187 

.38 

.42 

200               147 

168  1 

10, 330 

.U 

.:» 

158  '             126 

143  ' 

8,509 

.29 

.32 

WO  '             13«> 
3,680  '             126 

1()5 
818 

10, 145 
593,  764 

.3:5 

1.64 

.38 

22.27 

CULPP.] 


SAN   FBANCI8CO    BAY    DRAINAGE    BASIN. 


113 


CACHE  CREEK  NEAR  YOLO,  CAL. 

This  station  was  established  January  1,  1903,  by  8.  G.  Bennett.  It 
is  located  at  the  wagon  bridge  on  the  road  from  Woodland  to  Yolo, 
about  1,000  feet  above  the  Southern  Pacific  Railway  bridge.  The 
gage  is  a  2  by  12  inch  vertical  plank  nailed  to  the  upstream  side  of  the 
right  abutment.  It  is  read  twice  each  day  by  John  Woodard.  Dis- 
charge measurements  are  made  from  the  downstream  side  of  the 
bridge,  to  which  the  gage  is  attached.  The  initial  point  for  soundings 
is  the  end  of  the  bridge  on  the  right  bank.  The  channel  is  straight 
for  1,000  feet  above  and  below  the  station.  The  current  is  swift  at 
ordinary  and  high  stages.  The  banks  are  steep  and  wooded  and  their 
height  has  been  increased  by  levees.  They  are  said  to  overflow  at 
extreme  high  water.  The  bed  of  the  stream  is  composed  of  earth  and 
gravel,  with  a  little  sand,  and  is  not  subject  to  any  material  change. 
On  December  4,  1904,  this  station  was  reestablished  by  O.  W.  Pe- 
terson. A  new  bridge  which  has  been  erected  greatly  improves  the 
conditions.  The  gage  is  in  four  sections,  three  of  which  are  above 
the  bridge  and  the  fourth  is  bolted  to  the  face  of  the  concrete  abut- 
ment on  the  right  bank.  The  gages  are  made  of  3  by  8- inch  timber, 
painted  white  and  graduated  to  feet  and  tenths.  The  gage  datum 
remains  the  same  as  before. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  measurements  of  Cache  Creek  near  Yolo,  Cal.j  vt  1904. 


Date. 


Hydros  rapher. 


January  2S i  W.  B.  Newball. 

February  10  . . .    F.  W.  Huber 

February  16 do 

Febmary  17  . 
February  17 . 
February  18 . 
Febmarv  19 . 
March  11.... 

March  12 

April  9 

June  17 

July  13 

August  10 do 

October  4 do 

December  4 do 

JDecember  10 do 


Gage 
height. 


do 

do 

do 

do 

S.  G.  Bennett. . 

do 

W.  B.  Newhall 
O.  W.  Peterson 
do 


I 


Feet. 
2.40 
2.50 

14.25 
9.65 
8.25 
6.35 
5.55 

17.80 

12.10 
8.20 
3.75 
2.90 
2.30 
1.80 
2.05 
2.05 


Discharge. 


Second-feet. 

283 

371 

8,770 

4,782 

4,124 

3, 514 

2,772 

8,300 

5,195 

3,714 

724 

435 

210 

111 

148 

150 


laa  134—05 8 
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Mean  daily  gage  heighij  in  feelj  of  Cache  Creek  near  Yolo,  for  1904. 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


rail. 

Feb. 
2.30 

Mar. 

7.85 

Apr. 
9.70 

May. 

June. 
4.30 

1 
July. 

Aug. 

Sept. 

Oct. 

2.10 

6.50 

3.00 

2.20 

1.50 

(1.80) 

2.10 

2.35 

7.80 

9.45 

6.40 

4.20 

3.00 

2.20 

1.50 

1.80 

2.10 

2.45 

7.06 

9.16 

6.36 

4.15 

3.00 

2.10 

1.50 

1.80 

2.10 

2.50 

6.85 

8.90 

6.30 

4.10 

2.95 

2.10 

1.50 

1.80 

2.10 

2.60 

6.65 

8.65 

6.20 

4.00 

2.90 

2.10 

1.50 

1.80 

2.10 

2.60 

6.45 

8.45 

6.15 

3.95 

2.90 

2.00 

1.50 

1.80 

2.10 

2.60 

6.35 

8.30 

6.06 

3.90 

2.90 

2.00 

1.60  , 

1.70 

2.10 

2.55 

6.30 

8.20 

6.00 

3.80 

2.90 

2.00 

1.50 

1.70 

2.10 

2.50 

6.20 

8.10 

6.85 

3.75 

2.80 

2.00 

1.50 

1.70 

2.10 

2.50 

14.75 

8.00 

5.80 

3.70 

2.80 

1.90 

1.50 

8.00 

2.10 

2.60 

20.75 

7.90 

5.70 

3.60 

2.80 

1.90 

«(1.50) 

5.05 

2.10 

5.95 

12.00 

7.80 

5.65 

3.55' 

2.80 

1.90 

(1.50) 

4.10  ' 

2.10 

9.25 

10.75 

7.70 

5.60 

3.50 

2.70 

1.90 

(1.50) 

3.45 

2.10 

6.50 

10.60 

'7.60 

5.50 

3.60 

2.70 

1.80 

(1.50) 

3.00 

2.10 

5.25 

10.60 

7.50 

5.40 

3.50 

2.65 

1.80 

(1.50) 

2.65 

2.10 

16.75 

10.40 

7.40 

5.35 

3.40 

2.60 

1.80 

(1.50) 

2.45 

2.10 

8.75 

11.65 

7.40 

5.30 

3.40 

2.60 

1.70 

(1.50) 

2.30 

2.10 

7.00 

16.50 

7.30 

6.20 

3.40 

2.60 

1.70 

(1.50) 

2.30 

2.50 

5.80 

11.76 

7.20 

6.15 

3.40 

2.55 

1.70 

(1.50) 

2.20 

2.40 

5.10 

10.56 

7.10 

5.10 

3.30 

2.50 

1.70 

(1.50) 

2.20 

2.40 

4.90 

10.25 

7.00 

5.00 

3.30 

2.50 

1.70 

(1.50) 

2.20 

2.40 

11.00 

10.10 

6.90 

4.95 

3.30 

2.40 

1.70 

(1.60) 

2.10 

2.40 

14.75 

11.00 

6.85 

4.90 

3.20 

2.40 

1.70 

(1.70) 

2.10 

2.30 

16.50 

9.80 

6.80 

4.80 

3.20 

2.40 

1.70 

(1.70) 

2.10 

2.30 

7.60 

9.80 

6.80 

4.75 

3.20 

2.40 

1.70 

(1.90) 

2.10 

2.30 

13.00 

9.65 

6.70 

4.70 

3. '20 

2.35 

1.70 

(1.90) 

2.10 

2.30 

16.50 

9.60 

6.70 

4.60 

3.10 

2.30 

1.70 

(1.9q^ 

'   2.10 

2.30 

9.60 

16. 75 

6.60 

4.55 

3.10 

2.30 

1.70 

(1.80) 

2.00 

2.30 

8.60 

14.50 

6.60 

4.50 

3.10 

2.30 

1.60 

(1.80) 

2.00 

2.20 

11.70 

6.50 

4.40 

3.10 

2.30 

1.60 

(1.80) 

2.00 

2.20 

10.40 

4.35 

2.20 

1.60 

■•«■*•• 

2.00 

! 

Nov.     Dec. 


2.00 
2.0O 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 

1.80    ; 

1.80  ) 

i:8o 
1.80 ; 

1.70  ' 

1.70 

1.70 

1.70 

1.70 

1.70  • 

1.70  ■ 

1.70  j 

1.90  < 

1.90  , 

1.90 

1.90 

1.90 

2.20 

2.20 


2.15 
2.10 
2.10 
2.m 
2.06 
2.05 
2.05 
2.05 
2.05 
2.05 
2.05 
2.15 
2.15 
2.15 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2-15 
2.15 
2.15 
2.10 
2.10 
2.10 
2.05 
2.30 
15.20 


oGage  destroyed.    From  September  11  to  October  1  gage  heights  determined  by  comparison  with 
those  on  Stony  Creek. 
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Rating  table  for  Oache  Creek  near  Yolo^  Col.,  from  January  1  to  December  31  ^  1904* 


Gage 
height 

1 
Diacharge. 

Gage 
hei^t. 

Discharge. 

Gage 
height. 

1     ^^• 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet. 

Fui. 

Second'/Kt. 

FM, 

Second-feet. 

Second-feet. 

Ftet. 

1.00 

22 

2.60 

305 

1 

4.20 

980 

6.60 

2,420 

1.10 

30 

2.70 

340 

4.30 

1,030 

6.80 

2,560 

1.20 

40 

2.80 

375 

4.40 

1,080 

7.00 

2,700 

1.30 

50 

2.90 

410 

4.50 

1,130  ; 

7.20 

2,850 

1.40 

60 

!      3.00 

445 

4.60 

1,185 

7.40 

3,000 

1.50 

70 

3.10 

495 

4.70 

1,240 

7.60 

3,150 

1.60 

82 

3.20 

535 

4.80 

1,295 

7.80 

3,300 

1.70 

96 

1 

3.30 

575 

4.90 

1,350 

8.00 

3,450 

L80 

110 

3.40 

615  , 

5.00 

1,405 

8.50 

3,825 

1.90 

125  ' 

3.50 

655 

1 

5.20 

1,525 

9.00 

4,200. 

2.00 

140 

3.60 

700 

5.40 

1,645 

9.50 

4,600 

2.10 

160 

3.70 

745 

5.60 

1,770 

10.00 

5,000 

2.20 

180 

3.80 

790 

5.80 

1,900 

11.00 

5,900 

2.30 

205 

3.90 

835 

6.00 

2,030 

12.00 

6,800 

2.40 

235 

4.00 

880 

6.20 

2,160 

14.00 

8,600 

2.50 

270 

4.10 

930 

6.40 

2,290 

16.00 

10,500 

Edimaied  monthly  discharge  of  Cache  Creek  near  Yolo,  Cat.,  for  1904. 

[Drainage  area,  1,280  square  miles.] 


Month. 


January . 
February 
March... 
April 


Discharge  in  second-feet. 


Maximum. 


June , 

July 

August 

September. 
October  . . . 
November , 
December 


The  year 


270 

11,250 

15,250 

4,760 

2,355 

1,030 

445 

180 

125 

1,435 

180 

9,700 

15,250 


Minimum. 


160 

.    205 

2,160 

2,355 

1,055 

495 

180 

82 

70 

96 

96 

150 


Mean. 


183 

3,166 

5,591 

3,188 

1,656 

681 

316 

117 

82 

254 

120 

469 


Total  in 
acre-feet. 


70       1,319 


11,252 

182, 110 

343, 777 

189, 699 

101, 824 

40,522 

19,430 

7,194 

4,879 

15,618 

7,140 

28,838 

952, 283 


Run-off. 


Second-feet 

persQuare 

mile. 


0.14 

2.47 

4.37 

2.49 

1.29 

.53 

.25 

.09 

.06 

.20 

.09 

.37 

1.03 


Depth  in 
inches. 


0.16 

2.66 

5.04 

2.78 

1.49 

.59 

.29 

.10 

.07 

.23 

.10 

.43 

13.94 
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STONY  CREEK  NEAR  FRUTO,  CAL. 

This  station  was  established  on  January  30, 1901,  by  Burt  Cole.  It 
is  located  at  Julian's  ranch,  6  miles  northwest  of  Fruto,  and  1}  miles 
above  the  proposed  Mill  Site  dam.  The  gage  is  in  two  sections.  The 
low-water  gage,  which  is  bolted  to  the  rock,  is  a  2  by  8  inch  plank  and 
is  graduated  to  feet  and  tenths.  The  high-water  gage  is  a  6  by  6  inch 
timber  painted  white  and  graduated  to  feet  and  tenths.  The  gage  is 
read  twice  each  day  by  W.  H.  Julian.  Discharge  measurements  are 
made  from  a  car  and  cable.  The  initial  point  for  soundings  is  the  eye- 
bolt  on  the  left  bank  to  which  the  cable  is  attached.  The  channel  is 
straight  for  200  feet  above  and  200  feet  below  the  cable.  The  current 
is  very  swift  at  high  water  and  sluggish  at  low  water.  Neither  bank 
is  subject  to  overflow,  but  at  high  stages  of  the  creek  the  water  spreads 
to  the  right  for  several  hundred  feet.  The  bed  of  the  stream  is  of 
gravel  and  is  subject  to  some  change.  The  bench  mark  is  the  head  of 
an  iron  bolt  set  in  the  rock  near  the  upper  gage  at  an  elevation  of 
14.00  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrogra- 
phers. 

Discharge  measureinenU  of  Stony  Creek  near  FrwU),  Cal.f  in  1904- 


Date. 


Hydrographer. 


W.  B.  Newhall. 
F.  W.  Ruber... 
W.  B.  Newhall. 
F.  W,  Huber... 
....do 


January  27 

February  10  . . . 
February  18  . . . 
February  25  . . . 
February  26  . . . 

February  26  . . . ! do 

April  8 '  A.  C.  Lootz 

Aprils do 

April  9 do 

April  10 ' do  .... 

April  11 do 


Feet. 
4.25 
4.2 
7.25 

10.15 
8.85 

11.35 
6.6 
6.6 
6.6 


Diacharge. 


June  15 

July  13 

August  9 

October  3 do 


0.  W.  Peterson 

do 

do 


6.5 

6.5    , 

4.2 

3.63 

•3.5 

3.5 

Seeond'/eet. 

321 

293 

2,507 

7,001 

5,387 

12,447 

2,050 

2,009 

1,943 

/   1,986 

2,069 

202 

63 

16 

44 


CLAPP.] 
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Mean  daily  gage  height,  in  feet,  of  Stony  Creek  near  Pruto,  Cul.y  for  2904. 


I»ay. 


Jan.      Feb. 


1... 

2... 

$... 

4... 

5... 

6... 

7... 

8... 

9... 
10... 
11.. 
12.. 
IS.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 

as... 

27... 
28... 
29... 
»... 
31... 


4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.40 
4.  SO 
4.20 
4.20 
4.20 
4.20 
4.40 
4.40 
4.40 
4.40 
4.80 
4.30 
4.30 
4.80 
4.30 
4.30 
4.20 
4.20 
4.20 
4.20 
4.20 


4.10 
4.10 
4.10 
4.10 

4.eo 

4.35 

4.30 

4.80 

4.30 

4.20 

4.20 

9.00 

6.25 

5.45 

8.25 

12.25 

8.2& 

7.20 

6.65 

5.85 

7.85 

11.75 

8.85 

13.50 

10.00 

10.00 

9.05 

7.90 

7.40 


Mar. 

7.20 
7.20 
7.10 
7.06 
6.75 
6.85 
7.66 
7.65 
7.25 

13.25 
9.25 
7.85 
7.85 
8.65 
8.00 
7.60 

10.50 
9.75 
8.85 
8.90 
8.00 
7.45 
7.20 
6.95 
6.80 
6.65 
8.85 

10.50 
9.35 
8.55 
7.30 


Apr. 

7.35 
7.25 
7.00 
6.80 
6.70 
6.60 
6.50 
6.60 
6.60 
6.60 
6.60 
6.50 
6.40 
6.30 
6.20 
6.00 
5.90 
5.80 
6.10 
5.80 
5.70 
6.70 
5.60 
5.50 
6.60 
5.60 
5.60 
5.60 
5.60 
5.60 


May. 

5.50 

5.50 

6.50 

5.50 

5.40 

5.40 

5.40 

5.30 

6.30 

6.80 

6.30 

6.30 

5.30 

6.20 

5.20 

6.20 

5.10 

5.10 

5.10  ' 

5.00 

5.00 

4.90 

4.90  I 

4.90  I 

4.80  ' 

4.80 


June. ,  July 


4.80 
4.80 
4.70 
4.70 
4.60 


4.50  I 

4.50 

4.50 

4.40 

4.40 

4.40 

4.80 

4.30 

4.30 

4.20 

4.20 

4.10 

4.10 

4.00 

4.00 

3.90 

8.90 

3.90 

8.80 

3.80 

3.80 

3.70 

3.70 

3.60 

3.60 

3.50 

3.50 

3.60 

3.60 

3.50 


3.60 
3.50 
3.50 
3.50 
3.60 
3.50 
3.50 
8.60 
3.50 
3.50 
3.60 
3.50 
3.50 
3.50 
3.50 
3.50 
3.40 
8.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.30 
8.30 
3.80 
3.30 
3.30 
3.:K) 
3.30 
8.80 


Aug. 

3.30 
3.80 
8.30 
8.30 
8.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.80 
8.30 
3.30 
3.30 
3.20 
3.20 
8.20 
3.20 
3.20 
8.20 
3.20 
3.20 
3.20 
3.20 
8.20 


Sept. 

3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 

3.20 ; 

8.20 

3.20 

8.20 

3.20 

3.20 

3.20 

3.20 

8.20 

8.20 

3.20 

3.20 

3.20 

3.30  , 

3.40  ' 

3.40 

3.60 

3.60 

3.60 

3.60 

3..% 

3.40 


Oct.      Nov. 


Deo. 


3.60 

3.60 

6.65 

5.60 

8.40 

3.40 

3.50 

3.50 

8.50 

3.60 

8.60 

3.50 

3.60 

3.60 

6.65 

5.60 

5.00  . 

4.00  I 

3.80  ' 

8.80 

8.70 

8.70 

3.70 

3.60 

8.60 

3.60 

3.60 

3.50 

8.50  I 

3.50  I 

8.50 

3.50 

3.60 

3.50  ' 

3.50 


3.50 
8.50  ' 
8.50 
8.50  I 
8.50  ! 

8.50 ; 

8.50  , 

3.50 

3.50  ! 

8.50  , 

3.60  ' 

8.50 

8.50 

3.60 

3.60 

3.60 

3.70 

8.70 

3.70 

3.70 

8.70 

8.70 

3.70 

3.70 

3.70 

3.70 

4.10 

4.00 

3.90 

3.90 


8.90 
8.90 
8.90 
3.90 
8.90 
3.90 
3.90 
3.90 
4.10 
4.20 
4.80 
4.80 
4.50 
4.50 
4.80 
4.20 
4.10 
4.00 
4.00 
4.00 
8.90 
3.90 
3.90 
4.30 
4.20 
4.20 
4.20 
4.10 
4.10 
9.35 
7.40 


Rating  table  for  Stony  Creek  near  FnUo,  Cal.,  from  January  1  to  December  SI,  1904. 


Gage 
height. 

Dfacharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

1 

] 
Diwharge. 

Serond-fect. 

Gage 
height. 

M, 

Second-feet. 

Feet. 

Second-fret. 

1 

Feet. 

Feet. 

3.20 

9 

4.80 

500 

6.:«) 

1,680  ^ 

8.60 

3.30 

i«; 

4.90 

560 

6.40 

1,780    ; 

8.80 

3.40 

30 

1 

5.00 

620 

6.50 

1,880 
1,980 

9.00 

3.50 

45 

5.10 

685 

6.60 

9.20 

3.60 

60 

5.20 

755 

!      6.70 

2,090 

9.40 

3.70 

80 

5.30 

830 

6.80 

2,200  1 

9.60 

3.80 

100 

5.40 

905 

6.90 

2,310 

9.80 

3.90 

120  . 

5.50 

980 

!      7.00 

2,420 

10.00 

4.00 

150 

5.60 

1,060 

7.20 

2,660 

10.50 

4.10 

180 

5.70 

1,140 

7.40 

2,900 

11.00 

'       4.20 

210 

5.80 

1,220 

7.60 

3, 150 

11.50 

4.30 

250  1 

5.90 

1,310 

7.80 

3,410 

12.00 

4.40 

300 

6.00 

1,400 

8.00 

3,690 

12.50 

4.50 

350 

6.10 

1,490 

8.20 

3,980 

13.00 

4.60 

400 

6.20 

1,580 

8.40 

4,280 

13.50 

4.70 

450 

1 

Discharge. 


Second-feet. 

4,600 

4,930 

5,270 

5,630 

6,000 

6,400 

6,800 

7,280 

8,560 

10,200 

12,200 

14,200 

16,  700 

19,  200 

22,200 
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STREAM   MEASUREMENTS   IN   1904,  PART   XI. 


[no.  1S4. 


EgtimcUed  monthly  discharge  of  Stmiy  Greek  near  FnUOy  Cal,^  for  1904- 

[Drainage  area,  760  square  miles.] 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


DiRcharge  in  second-feet 

Maximum. 

Minimum. 

Mean. 

300 

210 

234 

22,220 

180 

3,800 

20,700 

2,035 

4,364 

2,840 

980 

1,6(H 

980 

400 

715 

350 

45 

165 

45 

16 

34 

16 

9 

14 

60 

9 

19 

1,930 

30 

167 

180 

45 

71 

5,905 

120 
9 

453 

22, 220 

970 

Total  in 
acre-feet. 


14,388 

218,578 

268,332 

95, 445 

43,964 

9,818 

2,091 

861 

1,131 

10,268 

4,225 

27,854 

696,955 


Run-off. 


Seoond-feet 

per  square 

mile. 


0.31 

5.00 

5.74 

2.11 

.94 

.22 

.04 

.02 

.02 

.22 

.09 

.60 


1.28 


Depth  in 
inches. 


0.36 

5.39 

6.62 

2.35 

1.06 

.25 

.05 

.02 

.02 

.25 

.10 

.69 


17,18 


SACRAMENTO   RIVER   NEAR  RED  BLUFF,   CAL. 

The  gaging  station  at  Jellys  Ferry,  which  is  located  about  12  ofiiles 
above  the  town  of  Red  Bhiff,  was  established  April  30, 1895.  The  right 
bank  of  the  river  is  high,  but  the  left  bank  is  liable  to  overflow  when 
the  river  rises  above  the  25-foot  mark.  The  river  has  been  known  to 
reach  the  35-foot  mark.  Because  of  the  liability  to  overflow  it  was 
deemed  advisable  to  select  a  new  gaging  station  where  the  water  at 
flood  stage  would  be  more  confined.  A  point  in  Iron  Canyon,  where 
the  river  had  been  gaged  by  the  State  engineering  department  in  1879 
and  by  commissioner  of  public  works  in  1893-94,  was  chosen  as  a  new 
gaging  station.  The  river  stage  rod  used  b}^  commissioner  of  public 
works  was  still .  in  place  and  has  been  used  in  making  river  height 
observations  since  January  28,  1902,  the  date  upon  which  the  observa- 
tions were  begun.  A  second  set  of  gage  rods  were  placed  on  the  right 
bank  3,200  feet  below  the  gaging  station  January  1, 1904,  as  no  observer 
could  be  obtained  to  continue  readings  of  the  station  gage.  By  syn- 
chronous readings  of  the  lower  gages  and  the  station  gage  the  actual 
gage  readings  for  this  lower  gage  have  been  converted  into  equivalent 
readings  for  the  station  gage.  Frank  Wilcox  read  the  gage  once  each 
day.  On  September  28, 1904,  it  was  necessary  to  move  the  lower  gage 
rods  to  tlie  left  bank  alx>ut  4,000  feet  below  the  gaging  station.  The 
actual  readings  of  this  set  of  gage  rods  have  also  been  converted  into 
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equivalent  readings  for  the  station  gage.  The  gage  is  read  twice  each 
day  by  Fred  Weeks.  All  reported  gage  heights  are  those  determined 
for  the  station  gage.  The  river  at  this  point  in  lower  portion  of  Iron 
Canyon,  4  miles  above  Red  Bluff,  has  a  direct  course  for  2  or  3  miles. 
The  width  between  banks  at  low  water  is  about  500  feet.  The  depth  of 
water  at  low  stages  averages  6  feet,  with  a  maximum  depth  of  9  feet. 
The  banks  are  steep  and  firm.  The  river  flows  in  a  bed  of  coarse 
gravel  and  cobbles,  with  here  and  there  a  small  bowlder.  The  bed  rock 
is  lava.  Discharge  measurements  are  made  from  a  cable  600  feet  in 
span,  which  is  anchored  in  a  lava  rock  which  forms  the  wall  of  the 
canyon. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  mecunirevieiils  of  SdcramtiUo  Hirer  near  Red  Bluffs  Cal.^  in  1904. 


Dmte. 


January  23 

February  8 

February  17  .. 
February  29  . . 

m 

March  30 

Aprill 


Aprill 

April2 

April2 

April  4 

April  4 

April  5 

Aprils 

Apriie 

Jane  13 

July  15 

August  10 

September  27 . 
December  7 


Hydrogrrapher. 


W.  B.  Newhall 
F.  W.  Huber... 
S.  G.  Bennett . . 

A.  C.  Lootz 

S.  (t.  Bennett . 

A.  C.  Lootz 

do 

A.  Buffinger  . . 

A.  C.  Lootz 

do 


Oafe 
height. 


do 

do 

do 

do 

O.  W.  Peterson 

do 

VV.  B.  Clapp . . . 
O.  W.  Peterson 
do 


Feet. 
3.15 
2.8 
15.2 
12.3 
15.08 
11.75 
11.6 
10. 55 
10.7 
10.98 
10.94 
10.2 
10. 18 
9.8 
3.72 
2.25 
1.7 
2.15 
2.48 


Discharge. 


Second-feet. 
10,  584 
10, 674 
72,400 

57,  :«i 

66,657 

44,429 

43, 843 

42,  759 

42,329 

46,231 

44,665 

39, 509 

39, 671 

39, 053 

12, 450 

7,846 

6, 055 

7,460 

8,a55 


\ 
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STREAM   MEAdtTH^^^KtS   IN   1904,  iPAftT   XI. 


[no.  134. 


Mean  daily  gage  height^  in  feet,  of  Sacramento  River  near  Red  Bluff,  CaL,for  1904. 


1. 

2., 

8., 

4. 

5., 

6. 

7., 

8.. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


Jan. 


3.60 
3.50 
3.40 
3.40 
3.15 
3.00 
2.90 
3.40 
3.40 
3.40 
3.40 
3.15 
3.00 
2.90 
2.80 
3.00 
3.40 
5.25 
5.25 
4.30 
3.95 
3.70 
3.50 
3.40 
3.15 
3.15 
3.15 
3.15 
3.15 
3. 15 
3.0C 


I 
Feb.     Mar. 


2.80 

2.50 

2.40 

2.30 

2.50 

3.30 

3.30 

3.30 

3.30 

3.30 

3.30 

3.30 

6.30 

6.30 

17.35 

028.00 

15.20 

11.20 

9.55 

9.90 

12.50 

20.30 

16.60 

19. 15 

19. 15 

16.  HO 

17.80 

12.85 

13.40 


13.10 
15.55 
14.40 
15.80 
14.70 
13.10 
16.30 
24.40 
18.95 
17.90 
15.80 
14.70 
13.30 
15.80 
17.25 
18.30 
(18.85) 
19.40 
18.30 
19.40 
16.20 
13.50 
12.40 
11.50 
10.40 
8.80 
11.50 
14.70 
18.20 
14.80 
13,00 


Apr.     May. 


11.90 

10.50 

10.70 

10.70 

10.60 

10.50 

10.10 

9.90 

9.80 

9.65 

9.60 

9.65 

9.65 

9.80 

9.90 

9.80 

9.90 

10.60 

10.95 

10.40 

10.40 

9.35 

8.80 

8.30 

8.20 

8.30 

10.40 

10.70 

10.30 

8.80  1 


8.50 
8.40 
8.30 
8.20 
8.05 
7.96 
7.75 
7.60 
7.50 
7.40 
7.30 
7.20 
7.10 
7.00 
6.90 
6.80 
6.65 
6.55 
6.30 
6.1U 
6.20 
6.30 
6.45 
6.30 
6.20 
6.10 
6.00 
5.90 
5.70 
5.60 
6.50 


5.05 
4.80 
4.70 
4.60 
4.40 
4.30 
4.30 
4.20 
4.30 
4.20 
3.96 
3.86 
3.76 
3.60 
3.60 
3.60 
3.60 
3.60 
3.40 
3.40 
3.40 
3.15 
3.00 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 


July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

2.80 

2.20 

1.60 

1.70 

2. 20 

3.75 

2.80 

2.20 

1.50 

1.66 

2.70 

3.15 

2.80 

2.05 

1.60 

1.66 

2.60 

'2.95 

2.80 

2.06 

1.50 

1.65 

2.20 

2.80 

2.80 

2.05 

1.50 

1.66 

2.20 

2.70 

2.80 

1.90 

1.60 

1.56 

2.20 

2.55 

2.70 

1.90 

1.60 

1.70 

2.20 

2.50 

2.70 

1.90 

1.50 

2.15 

2.20 

2.50 

2.66 

1.90 

1.60 

4.10 

2.20 

2.60 

2.65 

1.80 

1.50 

7.45 

2.20 

3.15 

2.66 

1.80 

1.50 

11.20 

2.15 

2.76 

2.65 

1.80 

1.60 

7.26 

2.16 

3.25 

2.65 

1.80 

1.60 

4.60 

2,16 

3.85 

2.66 

1.80 

1.60 

8.80 

2.16 

8.65 

2.66 

1.80 

1.80 

4.15 

2.75 

3.25 

2.66 

1.80 

1.60 

3.55 

3.40 

3.15 

2.60 

1.66 

1.60 

8.36 

2.80 

2.90 

2.60 

1.66 

1.60 

2.96 

8.15 

2.90 

2.60 

1.66 

1.60 

2.76 

8.00 

3.00 

2.40 

1.66 

1.60 

2.60 

8.00 

8.10 

2.40 

1.66 

1.60 

2.60 

2,90 

8.20. 

2.40 

1.65 

1.60 

2.45 

2.75 

(2.90) 

2.40 

1.65 

8.40 

2.86 

2.60 

2.55 

2.40 

1.66 

4.30 

2.20 

2.60 

6l70 

2.40 

1.50 

3.80 

2.20 

2.50 

6.65 

2.30 

1.50 

2.80 

2.20 

2.60 

3.80 

2.80 

1.50 

2.05 

2.15 

8.70 

3.35 

2.30 

1.60 

1.90 

2.10 

8,35 

3.20 

2.30 

1.50 

1.80 

2.10 

2.90 

3,36 

2.30 

1.60 

1.80 

2.16 

8.70 

12.50 

2.20 

1.60 

2.80 

13.70 

nGage  height  9  a.  m.    Highest  known  gage  height  31.00  same  night 
Note. — Gage  heights  in  parenthesis  are  estimated. 
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Rating  tabit  for  Sacramento  River  near  Red  Bluffs  Oal.t  from  January  1  to  December  SI, 

1904. 


Gage 
height. 

Discharge. 
Seeond-feet, 

Gage 
height. 

Discharge.  | 
Second-fed. 

Gage 
height. 

Feel. 

Discharge. 
Second'/eet, 

Gage 
height. 

Discharge. 

FM. 

Feet. 

Seeond-feet. 

1.00 

4,450 

3.50 

11,700 

6.00 

21,100 

12.50 

52,600 

1.10 

4,690 

3.60 

12,040 

6.20 

21,940 

13.00 

1 

55,600 

1.20 

4,930 

3.70 

12,380 

6.40 

22,780 

13.50 

58,600 

1.30 

5,170 

3.80 

12,720 

6.60 

23,620 

14.00 

61,700 

1.40 

5,410 

3.90 

13,060 

6.80 

24,460 

14.50 

64,900 

1.50 

5,650 

4.00 

13,400 

7.00 

25,300 

15.00 

68,200 

1.60 

5,920 

1 

4.10 

13,760 

7.20 

26,180    ' 

15.50 

71,600 

1.70 

6,190 

4.20 

14, 120 

7.40 

27,060 

^  16.00 

75,100 

1.80 

6,460 

4.30 

14,480 

7.60 

27,940 

16.50 

78,600 

1.90 

6,730 

4.40 

14,840 

7.80 

28,820 

17.00 

82,200 

2.00 

7,000 

4.50 

15,200 

8.00 

29,700 

17.50 

85,900 

2.10 

7,300 

4.60 

15,580 

8.20 

30,620 

18.00 

89,700 

2.20 

7,600 

4.70 

15,960 

8.40 

31,540 

19.00 

97,600 

2.30 

7,900 

4.80 

16,340 

8.60 

32,460 

20.00 

105,900 

'    2.40 

8,200 

4.90 

16,720 

8.80 

33,380 

21.00 

114,600 

2.50 

8,500 

5.00 

17.100 

9.00 

34,300 

22.00 

123,700 

2.60 

8,810 

5.10 

17,500 

1    9.20 

a5,260 

1  23.00 

133,200 

2.70 

9,120 

5.20 

17,900 

9.40 

36,220 

24.00 

143, 100 

2.80 

9,430 

5.30 

18,300    ' 

9.60 

37,180 

25.00 

153,400 

2.90 

9,740 

5.40 

18,700 

9.80 

38,140 

26.00 

163,800 

3.00 

10,050 

5.50 

19,100 

10.00 

39,100 

27.00 

174,200 

3.10 

10,380    ' 

5.60 

19,500 

10.50 

41,600 

28.00 

1 

184,600 

3.20 

10, 710 

5.70 

19,900 

11.00 

44,200 

1 

1 

i    3.30 

11,040 

5.80 

20,300 

11.50 

46,900 

3.40 

1 

11,370 

5.90 

20,700 

1 

12.00 

49,700 

I 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
discharge  measurements  made  during  1902  to  1904,  inclusive.  It  is  well  defined 
between  gage  heights  1  and  15  feet,  and  fairly  well  defined  between  gage  heights  15 
and  25  feet.  The  table  has  been  extended  beyond  these  limits.  Above  gage  height 
25  ieet  the  rating  curve  is  a  tangent,  the  difference  being  1,040  per  tenth. 

Note.— This  table  is  for  the  gage  at  the  station. 
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STREAM   MEASUREMENTS    IN   1904,  PART   XI. 


[NO.  131 


Estimated  monthly  discharge  of  Sacramento  River  near  Bed  Bluffs  CW.,  for  1904. 

[Drainage  area,  9,296  square  miles.] 


Month. 


January  . . 
February . 

March 

April 

May 

June 

July , 

August 

September. 
October  ... 
November . 
December  . 


Dlschai^e  in  second-feet. 


Maximum. 


The  year 


Minimum. 


18,100 

9,430 

184,600 

7,900 

100,880 

33,380 

49,140 

30,620 

32,000 

19,100 

17,300 

9,430 

9,430 

7,600 

7,600 

5,650 

14, 480 

5,650 

45,280 

5,785 

12,380 

7,450 

59,840 

8,500 

Mean. 


5,650 


11,489 

46,346 

73,  281 

38,906 

25,080 

12,362 

8,656 

6, 348 

6, 530 

10,990 

8,932 

13, 875 


Total  In 
aere-feeU 


21,900 


706, 431 

2, 665, 852 

4, 505, 873 

2, 315, 068 

1,542,109 

735,590 

532, 237 

390,323 

388, 562 

675, 749 

531,491 

853, 141 


15, 842, 426 


Run-off. 


Second-feet 

persauare 

mile. 


1.24 

4.99 

7.88 

4.19 

2.70 

1.33 

.93 

.68 

.70 

1.18 

.96 

1.49 


2.36 


Depth  in 
inches. 


1.43 
5.38 
9.08 
4.67 
3.11 
1.48 
1.07 
.78 
.78 
1.36 
1.07 
1.72 


31.93 


m'CLOUD   river  NEAR  GREGORY,  CAL. 

This  station  was  established  March  23,  1902,  at  the  request  of  the 
consulting  engineer  of  the  McCloud  River  Electric  Company,  with 
the  understanding  that  they  would  maintain  the  station.  The  water- 
shed of  McCloud  River  includes  the  southern  and  eastern  slopes  of 
Mount  Shasta  and  is  heavily  timbered.  The  river  is  fed  by  the 
numerous  springs  and  its  minimum  flow  is  about  1,100  second-feet. 
The  gage  rod  is  a  2  by  3  inch  timber  nailed  and  wired  to  a  tree  on 
the  right  bank  of  the  stream  at  Johns  Camp,  14  miles  east  of  Gregory. 
Measurements  are  made  from  a  car  suspended  from  a  wire  cable. 
The  initial  point  of  sounding  is  at  the  gage  rod  on  the  right  bank  of 
the  stream.  The  channel  is  straight  for  300  feet  above  and  for  600 
feet  below  the  gaging  station.  The  current  is  swift  at  all  stages. 
The  banks  are  high  and  wooded  and  not  liable  to  overflow.  The  bed 
is  composed  of  limestone  on  the  sides,  with  some  large  river  gravel 
and  bowlders  in  the  center  of  the  channel.  Sufficient  meter  measure- 
ments have  not  been  taken  to  construct  a  rating  curve. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 
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Discharge  me€uuremenU  of  McCtoud  River  mar  Gregory t  ^^-t  '»  l^i* 


Date. 

Hydragrapher. 

Gage 
beight. 

Disci] 
Seecn 

r  1904 

Nov. 

1.90 
1.90 
1.90 
1.90 
1.86 
1.80 
1.80 
1.80 
1.80 
1.75 
1.75 
1.76 
1.76 
1.75 
1.85 
1.86 
2.60 
2.60 
2.10 
2.00 
2.00 
2.00 
1.95 
1.95 
1.90 
1.90 
2.00 
2.00 
1.96 
2.00 

large. 

Janiiary25.. 

August  8 

October  30. . 

«   •  « 

W.  B.  Newha 
W.  B.  aapp. 
0.  W.  Peterw 

11 

Feet. 
1.85 
1.90 
1.75 

d-feel, 
1,900 

1,653 

>n  ... 

1,600 

Mean  daily  gage  heighij  inj 

M,  of 

Apr. 

4.30 
4.00 
4.80 
4.85 
4.35 
4.30 
4.25 
4.85 
4.30 
4.75 
4.90 
6.10 
5.10 
4.85 
6.35 
5.60 
5.16 
4.70 
5.10 
5.46 
4.95 
4.75 
4.46 
4.10 
4.00 
4.10 
4.50 
4.10 
4.05 
3.95 

McClotul  River  near  Gregory ^  ( 

^.,fo 

Oct. 

1.75 
1.75 
1.75 
1.75 
1.76 
1.76 
1.90 
l!90 
2.66 
2.80 
B.45 
5.85 
5.80 
4.90 
4.30 
8.85 
3.80 
3.10 
2.00 
2.00 
1.95 
1.90 
1.90 
1.90 
1.90 
1.90 
1.85 
1.80 
1.80 
1.90 
1.85 

■ 

D*y. 

Jan. 

Feb. 

Mar. 

■ 

May. 

3.80 
3.95 
8.80 
3.80 
3.80 
3.70 
3.80 
3.80 
^3.70 
3.70 
3.80 
8.90 
4.06 
4.10 
4.15 
4.10 
8.95 
8.80 
8.60 
8.60 
8.55 
8.65 
8.70 
3.70 
8.60 
S-.'iO 
3.50 
3.45 
3.40 
3.35 
3.30 

June. 

8.15 
2.95 
2.90 
2.90 
2.85 
2.80 
2.80 
2.80 
2.75 
2.70 
2.70 
2.C5 
2.60 
2.60 
2.55 
2.60 
2.50 
2.60 
2.50 
2.45 
2.40 
2.40 
2.80 
2.30 
2.25 
2.25 
2.20 
2.20 
2.20 
2.20 

July. 

Aug. 

1.90 
1.90 
1.90 
1.90 
1.90 
1.90 

Sept. 

Dec. 

1 

2.10 

1.80 

1 

h.9a 

2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.15 
2.15 
2.15 
2.15 
2.15 
2.10 
2.10 
2.10 
2.10 
2.05 
2.06 
2.05 
2.06 
2.05 
2.00 
2.00 
2.00 
2.00 
2.00 
1.95 
1.90 
1.90 
1.90 
1.90 
1.90 

1.75 
1.75 
1.76 
1.75 
1.75 
1.75 

1.96 

2 

2.00 
1.90 
1.90 
1.90 
1.90 

1.80  1     7.10 

1.90 

3 

1.70 
1.90 
1.90 
1.90 

6.00 
6.90 
5.10 
4.75 
8.00 
Ufa 

1.90 

4 

5 

6 

1.90 
1.90 
1.90 

1 

1.80       1.85 
1.80      1.80 

1.90  '    1.70 
1.90  1    1.70 
1.90       1.70 

1.95 
1.96 
2.00 

8 

9 

1.80  -    1.80  1    0.00 

10 

1.80 
1.90 
1.90 
1.80 
1.85 
1.90 
2.16 
2.30 
2.40 
2.26 
2.30 
2.20 
2.00 
1.90 
1.90 
1.80 

1.80 
1.90 
2.90 
2.80 
2.66 
7.50 
14.20 
7.60 
4.35 
S.75 
8.10 
3.25 
6.75 
6.80 
5.95 

9.15 

6.75 

5.00 

4.80 

6.00 

6.50 

6.90 

6.00 

6.10 

6.30 

6.65 

6.80 

6.90 

6.70 

4.10 

3.60 

S.50 

8.  SO* 

4.(^ 

5.95 

5.60 

4.45 

1.90 
1.90 
1.90 
1.90 
1.86 
1.86 
1.85 
1.85 
1.85 
1.80 
1.80 
1.80 
l.HO 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.75 
1.75 
1. 75 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.76 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
2.15 
2.05 
1.90 
1.80 
1.80 
1.75 
1.75 
1.76 

2.10 

11 

2.00 

12 

13 

14 

15 

2.00 
2.00 
2.00 
2.00 

16 

2.00 

17 

1.95 

18 

1.96 

19 

1.90 

20 

1.90 

21 

1.90 

22 

1.85 

23 

1.90 

24 

2.40 

as 

2.15 

26 

1.80'    4.75 
1.76  1    6.10 
1.80      1^90 

2.00 

27 

2.00 

28 

1.95 
2.05 
4.20 
3.90 

29 

1.80 
1.80 
1.80 

5.80 

» 

n 

1 

WEST  VALLEY  CREEK   NEAR   LIKELY,  CAL. 

This  station  was  established  January  7,  1904,  by  H.  E.  Green  and 
J.  S.  Evans.  It  is  located  7  miles  east  of  Likely,  Cal.,  at  the  outlet  of 
West  Valley.  The  gage  is  a  2  by  6  inch  vertical  plank  nailed  to  a 
juniper  tree  on  the  right  bank  of  the  creek.  Discharge  measurements 
are  made  from  cable  and  car,  or  by  wading  at  low-water  stage.  The 
initial  point  for  soundings  is  a  juniper  stump  on  left  bank,  which  is 
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used  for  tying  post  for  the  car.  The  channel  is  straight  for  200  feet 
above  and  100  feet  below  station.  The  banks  are  high  and  not  sub- 
ject to  overflow.  The  bed  of  the  stream  is  rock}'^  and  not  subject  to 
change.  The  current  is  swift.  The  bench  mark  is  on  a  large  bowlder 
30  feet  from  the  creek  on  left  bank  and  is  marked  with  paint  It  is 
10.00  feet  above  the  zero  of  the  gage.  As  no  one  could  be  obtained  to 
read  the  station  gage,  a  gage  was  placed  2  miles  above  the  station. 
The  observer  is  Jasper  L.  Fountain.  It  is  not  deemed  practical  to 
make  an  estimated  monthly  discharge  for  the  stream  for  1904. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  measurements  of  West  Valley  Creek  near  Likely y  Cal,,  in  1904* 


Date. 


January? 

February  2.- - 
February  16. . 
February  25-. 

March  18 

April  2 

May  24 

June  6 

June  14 

September  2 . 
September  17 
September  24 
September  30 
October  12... 
October  19... 
October  29... 
Novembers.- 
November  17. 
November  29. 
December  14. 
December  31 . 


Hydroffrapher. 


J.  S.  Evans 

do 

do 

do 

do 

do 

do , 

do 

S.  G.  Bennett 

J.  Y.  Toler 

do 

.....do  

do 

do 

J.  Y.  Toler  and  W.  B.  Clapp. 

J.  Y.  Toler 

do 


do 
do 
do 
do 


height. 

Disch&fige. 

Fed. 

Second-feet. 

3.18 

21 

3.30 

20 

4.95 

200 

3.75 

74 

3.70 

74 

3.50 

51 

4.30 

138 

3.90 

70 

3.50 

36 

2.90 

10.3 

3.04 

15.8 

3.15 

14.8 

3.20 

16 

3.35 

20 

3.30 

29 

3.25 

26 

3.25 

15.3 

3.30 

16.7 

3.29 

29 

3.30 

31 

3.35 

30 

CLAFP.] 
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Mean  daily  gage  heighly  in  feetf  of  WeM  Valley  Creek  near  Likely ^  Col. ,  /or  1904* 


1 
Day. 

Jan. 

Feb.  1 

3.20  1 

8.20 

8.20 

8.40 

8.20 

8.20 

8.20 

8.20 

8.20 

8.20 

8.20 

8.80 

8.75 

4.36 

6.00 

4.85 

4.80 

8.96 

8.76 

8.70 

4.60 

7.25 

5.80 

7.20 

5.25 

5.00 

4.66 

4.20 

4.00 

Mar. 

4.20 
4.10 
8.70 
8.75 
8.85 
4.00 
4.96 
4.50 
4.66 
4.20 
4.20 
4.10 
6.60 
6.76 
6.25 
6.00 
4.30 
4.10 
4.10 
3.90 
8.70 
8.85 
8.70 
8.&5 
8.85 
4.20 
5.00 
7.10 
6.85 
6.00 
4.70 

Apr. 

8. 70 
8.90 
8.90 
4.10 
4.00 
4.10 
4.40 
4.80 
6.40 
5.20 
4.80 
4.80 
4.60 
4.50 
4.50 
(4.40) 
(4.80) 
(4.10) 
4.00 
8.96 
4.06 
8.90 
8.85 
8.85 
8.80 
8.80 
8.85 
4.25 
6.26 
;    6.96 

i"*'"  ■ 

1 

May. 

6.25 
4.96 
4.65 
4.50 
4.40 
4.40 
4.60 
4.46 
4.40 
4.60 
4.80 
4.90 
4.90 
4.95 
4.96 
4.85 
4.86 
4.86 
4.85 
4.65 
4.45 
4.45 
4.45 
4.45 
4.86 
4.80 
4.16 
4.06 
8.95 
8.05 
4.00 

June. 

4.10 
4.05 
4.00 
8.96 
8.90 
8,85 
8.80 
8.80 
8.70 
8.55 
3.50 
8.40 
8.40 
8.30 
3.20 
3.20 
8.20 
8.10 
3.10 
8.10 
3.10 
3.00 
3.00 
3.00 
8.00 
8.00 
2.80 
2.80 
2.70 
2.70 

1 
Jnly. 

2.70 
2.70 
2.70 
X70 
2.70 
2.70 
2.90 
2.76 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
(2.70) 
(2,60) 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
1    2.60 
8.00 
8.00 

AUff. 

8.00 
8.00 
8.00 
8.00 
8.10 
8.00 
8.00 
8.00 
3.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 

(8.00) 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
3.00 
8.00 

(8.00) 
8.00 
3.00 
8.00 
8.00 
8.00 

Sept. 

8.00 
8.00 
2.50 
2.50 
2.60 
2.60 
2.50 
2.60 
2.60 
2.50 
2.50 
2.60 
2.50 
2.50 
2.50 
2.50 
2.50 
2.60 
2.50 
2.50 
2.50 
2.50 
2.60 
2.60 
8.20 
8.80 
8.20 
3.20 
(8.20) 
(3.10) 

Oct. 

8.10  ' 

8.10 

8.10 

8.10 

8.10 

8.20  ' 

8.20 

8.10 

8.20 

8.20 

8.85 

8.20 

8.20 

8.25 

8.25 

8.20 

8.20 

8.20 

8.20 

8.20 

3.20 

3.20 

8.20 

8.20 

8.20 

3.20 

3.20 

8.20 

8.20 

8.26 

8.80 

■ 

Nov. 

8.20  ! 
8.20 
8.20 
8.20 

8Lao 

8.20 
8.20 
8w20 

&ao 

8.20 
8.20 
8.20 
8.20 
8.20 
8.20 
8.20 
8.20 
8.20 
8.20 
3.25 
3.26 
8.25 
8.26 
8.26 
3.25 
8.25 
8.26 
8.25 
3.25 
3.30 

Dec. 

1 

8.30 

2 

3.25 

8 

3.26 

4 

8.25 

h 

8.26 

6 

8.25 

7 

8.25 

8 

3.26 

1 

t. 

8.80 

If 

8.80 

11 1 

8.80 

12 1        ... 

8.30 

IS 

14 

15 

16 

17 

8.20 
3.20 
8.20 
'    8.20 
8.85 
8.40 
3.25 
8.20 
3.20 
8.20 
8.80 
8.20 
8.20 
8.20 
3.20 
8.20 
8.80 
3.40 
8.40 

3.26 
8.25 
8.25 
8.26 
3.25 

18 

8.25 

19 

8.25 

20 

3.25 

21 

3.25 

22 

3.30 

3 

3.25 

24 

3.20 

& 

8.20 

26 

3.20 

27 

8.20 

28 

8.20 

» 

3.20 

30 

3.35 

81 

3.35 

Non.— G«^  heights  in  paTenthesis  are  ettimated. 

PIT  RIVER   (south   FORK)   NEAR  IVY,  CAL. 

This  station  was  established  January  11,  1904,  by  H.  E.  Green  and 
J.  S.  Evans.  It  is  located  3  miles  west  of  Ivy  post-office  at  outlet  of 
Jess  Valley. 

The  gage  is  a  2  by  6  inch  vertical  plank  fastened  to  a  tree  on  left 
bank  50  feet  above  station.  It  is  only  read  at  times  discharge  meas- 
urements are  made,  as  it  is  impossible  to  get  an  observer  on  account  of 
its  isolated  location. 

Discharge  measurements  are  made  from  cable  and  car.  The  initial 
point  for  soundings  is  foot  of  post  used  for  fastening  the  car  on  the 
left  bank  of  stream.  The  channel  is  straight  for  200  feet  above  and 
80  feet  below  the  station.  The  current  is  sluggish  at  low-water  stage. 
The  right  bank  is  low  and  subject  to  overflow  in  high  water.  The 
bed  of  the  stream  is  composed  of  earth  and  is  filled  with  vegetation  at 
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low-water  stage.  The  bench  mark  is  on  large  bowlder  150  feet  east  of 
cabin  on  the  right  bank  and  below  station.  It  is  12.00  feet  above  the 
zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  measurements  of  Pit  River  (South  Fork)  near  Ivy,  Cat,,  in  1904^ 


Date. 


January  11 

Februarys 

February  16 

February  25.- - 

March  18 

April  2 

May  7 

May  24 

June  14 

September  3 . . 
September  16 . 
'September  24 . 

October  1 

October  12 

October  20 

October  24 

November  6... 
November  18.. 
November  30.- 
December  15.. 


Hydiographer. 


J.  S.  Evans 

do 

do 

do 

do 

do 

do 

do 

S.  G.  Bennett  and  J.  S.  Evans. 

J.  Y.Toler 

.....do 

do 

do 

do 

J.  Y.  Toler  and  W.  B.  Clapp. . 

J.  Y.Toler 

do 

do 

do 

do... 


Gage 
hei^t 

DischAige. 

/tet. 

SeamdrfetL 

3.60 

44 

3.30 

26 

5.70 

202 

5.20 

158 

4.20 

60 

4.25 

69 

5.60 

197 

7.80 

573 

5.80 

222 

4.00 

29 

4.15 

31 

4.22 

37 

4.20 

38 

4.65 

75 

4.35 

48 

4.24 

33 

4.23 

43 

4.23 

39 

4.20 

32 

4.20 

33 

CLAPP.] 
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Mean  daily  gage  height,  infeet^  of  Pit  River  {South  Fork)  near  Ivy,  Col,,  for  1904' 


Day. 


Jan.     Feb. 


Mar. 


5. 
6. 


9 

10 

11 

3.60 

12 

S.60 

13 

3.40 

14 

8.40 

15 

3.40 

16 

8.50 

17 

3.45 

18. 
19. 
20. 

a. 

22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


3.40 
3.40 
8.40 
3.40 

3.40 
8.40 
3.30 
3.25 
3.20 
8.20 
3.20 
3.25 
3.80 


3.40 
3.80 
3.40 
3.40 
3.40 
8.35 
3.40 
8.40 
8.55 
8.85 
8.40 
8.80 
8.60 
8.40 
8.90 
5.50 
5.05 
4.30 
3.90 
3.90 
8.70 
5.90 
5.80 
5.40 
5.25 
5.45 
4.80 
4.20 
4.00 


4.00 
4.05 
4.20 
4.30 
4.30 
4.20 
4.60 
5.00 
4.80 
4.70 
4.50 
4.40 
4.80 
4.15 
4.25 
4.20 
4.20 
4.20 
4.20 
4.40 
4.45 
4.30 
4.10 
4.00 
4.20 
4.20 
4.80 
5.30 
5.30 
4.75 
4.45 


Apr. 

4.25 

4.25 

4.20 

4.30 

4.15 

4.10 

4.10 

4.25 

4.25 

(4.20 

(4.20 

(4.20 

(4.20 

(4.80 

(4.40 

(4.50 

(4.80 

(5.00 

(5.20 

(5.00 

(5.00 

(5.00 

(4.90 

(4.80 

(4.70 

(4.70 

(4.70 

(4.60: 

(4.60 

(4.40 


May. 

(4.50) 

June. 
(7.80) 

July. 

Aug. 
(4.50) 

Sept. 

(4. 10) 

Oct. 
4.20 

Nov. 

(4.25) 

(5.00) 

(4.80) 

(7,20) 

(6.00) 

(4.60) 

(4.10)    (4.20) 

(4.25) 

(6.W) 

(7.00) 

(4.96) 

(4.50) 

4.00     (4.20) 

(4.25) 

(5. 10) 

(6.80) 

(4.95) 

(4.4'>) 

(4.00) 

(4.20) 

(4.25) 

(5.40) 

(6.60) 

(4.96) 

(4.45) 

(4.00) 

(4.20) 

(4.25); 

(5.60) 

(6.50) 

(4.90) 

(4.45) 

(4.00) 

(4.20)!    4.25 

(5.60) 

(6.40) 

(4.90) 

(4.40) 

(4.00)    (4.20)1  (4.25) 

(5.60) 

(6.30) 

(4.90) 

(4.40) 

(4.00) 

(4.20) 

<4.25)1 

(5.70) 

(6.20) 

(4.85) 

4.40 

(4.00)    (4.20) 

(4.25) 

(5.90) 

(6. 10) 

(4.85) 

4.35 

(4.00)    (4.20) 

(4.25) 

(6.00) 

(6.00) 

(4. 85) 

(4.35) 

(4.10)    (4.40)'  (4.25)' 

(6.10) 

(5.90) 

(4.80) 

(4.30) 

(4. 10) 

4.65 

(4.28) 

(6.80) 

(5.80) 

(4-80) 

4.80 

(4.10)    (4.60) 

(4.25) 

(6. 40) 

5.80 

(4.8Cf) 

(4.80) 

(4.10)!  (4.60)    (4.25)' 

(6.70) 

(5.80) 

(4.75) 

(4.80) 

(4.10)    (4.60)1  (4.25) 

(6.90) 

(5.70) 

(4.75) 

(4.80) 

4.16 

(4.50) 

(4.25) 

(7.00) 

(5.60) 

(4.75) 

4.80 

(4.15);  (4.40) 

(4.25) 

(7.20) 

(6.50) 

(4.70) 

(4.80) 

(4.15)1  (4.40)    (4.26) 

(7.60) 

(5.50) 

(4.70) 

(4.30) 

(4.15)|  (4.40) 

(4.26) 

'  (7.60) 

(5.40) 

(4.70) 

4.25 

(4.15)     4,35 

(4.25) 

(7.70) 

(5.40) 

(4.66) 

(4.25) 

(4.15)    (4.30) 

(4.20) 

(7.80) 

(5.40) 

(4-65) 

(4.25) 

(4.15)    (4.30) 

(4.20) 

(7.80) 

(5.40) 

(4.65) 

(4.20) 

(4.15)    (4.30)    (4.2U) 

7.80 

(5.40) 

(4.60) 

(4.20) 

4.20      4.25 

(4.20) 

(7.80) 

(5.40) 

(4.60) 

(4.20) 

(4.20),  (4.25) 

(4.20) 

(8.00) 
(7.80) 

(5.30) 

(4.60) 

(4.20) 

(4.20)    (4.25) 

(4.20) 

(5.20) 

(4.60) 

(4.20) 

(4.20) 

(4.25) 

(4.20) 

(7.80) 

(5. 10) 

(4.56) 

(4.20) 

(4.20)    (4.25)|  (4.20) 

(7.60) 

(5.00) 

(4.55) 

(4. 10) 

(4.20)    (4.25) 

(4.20) 

(7.50) 

5.00 

(4.56) 

(4. 10) 

(4.20)    (4.25) 

4.20 

(7.50) 

(4.60) 

(4.10) 



(4.25) 

i 

Dec. 


(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 
(4.20) 


Note.— Gage  heights  in  parenthesLs  are  estimated. 
Baling  table  for  Pit  River  {South  Fork)  near  Ivy^  Col.,  from  January  1  to  June  SO,  1904- 


Ga«e 
height. 

1 
Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

'     Gage 
;    height. 

Discharge. 

FeeL 

Second-feet, 

1 

Fed, 

Second-feet,  i 

JPset. 

Secondrfeet. 

Peet. 

Second-feet. 

.3.20 

25 

4.30 

74 

5.40 

168 

6.50 

316 

3.30 

28 

4.40 

80 

5.50 

180 

6.60 

332 

3.40 

31 

4.50 

86 

5.60 

192 

6.70 

350 

3.50 

34 

4.60 

94 

5.70 

204 

6.80 

368 

.3.60 

37 

4.70 

102 

5.80 

216 

6.90 

386 

3.70 

41 

4.80 

110     , 

5.90 

228 

1     7.00 

406 

3.80 

46 

4.90 

118    , 

6.00 

242 

7.20 

446 

3.90 

51 

5.00 

128 

6.10 

256 

7.40 

488 

4.00 

56 

5.10 

138    1 

6.20 

270 

7.60 

532 

4.10 

62 

5.20 

148    1 

6.30 

284 

7.80 

578 

4.20 

68 

6.30 

158    , 

6.40 

300 

8.00 

1 

625 

128 
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Rating  table  for  Pit  River  {South  Fork^  near  Ivy,  Col, ,  from  July  1  to  December  SI,  1904' 


Gage 
height. 

Discharge. 

Gage 
height. 

Diflchaige. 

Gage 
height. 

Discharge. 

Gase 
height. 

Discharge. 

Feet. 

Seeond'/ed. 

Feet. 

Second-feet. 

Feet. 

Secondr/eet. 

Feet. 

Sccond/eei. 

4.00 

30 

4.30 

45 

4.60 

70 

4.90 

100 

4.10 

34 

4.40 

52 

4.70 

80 

5.00 

110 

4.20 

39 

4.50 

00 

4.80 

90 

« 

Estimated  monthly  discharge  of  Pit  River  {South  Fork)  near  Ixnf,  Col,,  for  1904^ 

[Drainage  area,  91  square  miles.] 


Month. 


January . . 
Febraary . 

March 

April 

May , 

June 

July 

August 

September 
October  .. 
November 
December 


The  year 


Discharge  in  second-feet. 


Maximum. 


37 

228 

158 

148 

625 

466 

110 

60 

39 

75 

42 

39 


625 


Minimum. 


25 
28 
56 
62 
86 
128 
60 
34 
30 
39 
39 
39 


Mean. 


O30 
76 
82 
90 
372 
234 
85 
46 
35 
47 
41 
39 


Total  in 
acre-feet 


25 


98 


1,845 
4,372 
5,042 
5,355 
22, 873 
13, 924 
5,226 
2,828 
2,083 
2,890 
2,440 
2,398 

71,276 


Run-off. 


Second-feet 

per  square 

mile- 


0.33 
.84 
.90 
.  99 
4.09 
2.57 
.93 
.51  ' 
.38 
.52 
.45  ! 
.43 


Depth  in 
inches. 


1.08 


0.38 

.91 

1.04 

1.10 

4.72 

2.87 

1.07 

.69 

.42 

.60 

.50 

.50 


14.70 


a  Mean  for  21  days  assumed  as  mean  for  entire  month. 
PIT   RIVER  NEAR  CANBY,   CAL. 

This  station  was  established  December  26,  1903,  by  H.  E.  Green 
and  J.  S.  Evans.  It  is  located  at  the  wagon  bridge,  '6k  miles  south- 
west of  Canby,  Cal.  The  gage  is  a  1  by  6  inch  vertical  plank  securely 
fastened  to  the  first  bridge  pier  from  the  left  bank  of  the  stream.  It 
is  read  twice  each  day  by  Ernest  M.  Hess. 

Discharge  measurements  are  made  from  the  bridge.  The  initial 
point  for  soundings  is  a  nail  in  the  railing  post  at  the  end  of  the 
l)ridge  on  the  left  bank.  The  channel  is  straight  for  150  feet  above 
and  200  feet  below  the  station.  The  current  is  moderate  at  all  stages. 
The  banks  are  high  and  are  not  subject  to  overflow.  The  channel  is 
rocky,  but  is  not  subject  to  much  change,     The  bench  mi^rk  is  a 
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painted  point  on  a  large  bowlder  at  the  bend  of  the  wagon  road  near 
the  south  end  of  the  bridge.  It  is  24.90  feet  above  the  zero  of  the 
gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  meamiremenis  of  Pit  River  near  Canbyy  Cal.,  in  1 90S  and  1904, 


Date. 


1903. 
December  27 


Hydrographer. 


J.  S.  Evans 


J.  S.  Evans 


19(H. 
February  12  . . 

Februarv  18 do 

February  22 do 

March  3 ' do 

March  5 do 

March  29 do 

I 

May  2 do 

May  16 do 

June  2 do '. 

June  12 do 

.Septembers...   J.  Y.  Toler 

September  19 do j|. 

September  22 do , 

September  26 do 

Octobers ' do 


October  7 do 

October  13 | do 

October  21 do 

November  4 do 


November  9. . . . 

do 

November  22- -. 
December  6 

do 

do 

December  10...! do 

December  20...' do 


December  29. 


do 


Gage 
height. 

DiiK  barge. 

FeH. 

Second/eet. 

3.60 

169 

3.65 

183 

6.25 

1,669 

7.15 

2,435 

7.30 

2,630 

9.05 

4,383 

10.10 

6,204 

9.70 

5,236 

5.70 

1,540 

5.20 

1,204 

4.60 

728 

2.70 

9 

2.75 

16 

2.75 

19 

2.82 

20 

3.00 

41 

3.18 

48 

3.28 

76 

3.50 

128 

3.45 

110 

3.50 

117 

3.50 

127 

3.50 

106 

3.35 

82 

3.68 

213 

3.50 

131 
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Mean  daily  gage  heightf  infeety  of  PU  River  near  Canby,  Cal,j  for  1904* 


Day. 

Jan. 

3.70 
3.60  ' 
3.50 
3.55 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

1 

3.45 
3.46 
3.46 
3.50 

6.70 
7.30 
7.55 
9,05 

-8.56 
7.66 
6.90 
6.76 

8.10 
9.86 
9.86 
9.30 

5.25 
6.20 
6.15 
5.06 

3.65 
3.60 
3.60 
3.60 

8.80 
3.90 
3.80 
8.30 

2.65 
2.66 
2.60 
2.60 

3.00 
3.86 
3.10 
3.10 

3.50 
3.50 
3.50 
8.50 

8.55 

2 

3.65 

3 

S.55 

4 

S.50 

5 

3.50 
3.40 
3.60 
3.50 
3.50 
8.50 
3.50 
3.50 
3.60 
3.60 
3.50 
3.70 
3.60 

3.50 
3.50 
3.60 
3.50 
3.45 
3.46 
3.46 
3.60 
3.60 
3.66 
5.00 
10.70 
7.15 

9.a6 

8.46 

9.86 

14.00 

12,70 

10.50 

8.95 

8.16 

7.55 

7.00 

7.00 

7.00 

7.00 

6.60 
6.30 
6.96 
6.90 
6.80 
6.65 
6.56 
5.50 
5.40 
6.60 
6.00 
6.00 
6.00 

8.55 
7.45 
7.00 
6.60 
6.86 
6.06 
5.86 
5.80 
5.70 
5.70 
5.70 
6.80 
6.80 

5.00 
4.90 
4.80 
4.76 
4.70 
4.70 
4.66 
4.60 
4.60 
4.50 
4.40 
4.30 
4.20 

3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.50 
3.60 
8.50 
3.50 
3.50 
8.50 

3.30 
3.30 
8.30 
3.30 
3.30 
3.30 
3.20 
8.20 
8.20 
8.10 
3.10 
8.10 
8.00 

2.60 
2.60 
2.60 
2.66 
2.66 
2.66 
2.65 
2.65 
2.70 
2.70 
2.70 
2.76 
2.80 

3.10 
8.10 
8.10 
3.16 
8.15 
3.15 
3.20 
3.26 
3.30 
3.30 
3.40 
3.40 
8.40 

3.50 
8.50 
3.60 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 

3.45 

6 

3.60 

7 

3.50 

8 

3.50 

9 

3.50 

10 

3.60 

11 

3.60 

12 

8.50 

13 

3.  .SO 

14 

3.55 

15 

3.60 

16 

3.75 

17 

3.75 

18 

3.60 

6.45 

7.40 

6.00 

6.80 

4.10 

8.60 

2.90 

2.80 

3.40 

8.50 

3.80 

19 

8.40 

6.66 

8.66 

5.80 

6.80 

4.00 

3.50 

2.90 

2.80 

3.46 

3.60 

3.80 

20 

8.40 

6.40 

9.70 

5.80 

6.80 

3.95 

3.50 

2.80 

2.80 

3.45 

3.50 

3.75 

21 

3.50 

6.20 

8.50 

5.80 

6.90 

3.96 

3.50 

2.80 

2.80 

3.45 

8.60 

8.65 

22 

3.50 

7.50 

8.36 

6.76 

5.90 

3.90 

8.50 

2.80 

2.80 

3.60 

3.50 

3.50 

23 

3.60 

10.70 

6.80 

6.60 

5.90 

3.90 

3.45 

2.80 

2.80 

3.50 

3.50 

3.45 

24 

3.45 

11.00 

6.46 

6.50 

6.76 

3.90 

3.45 

2.75 

2.80 

3.50 

3.50 

3.40 

26 

3.45 

10.10 

6.00 

6.40 

6.60 

3.90 

3.46 

2.75 

2.80 

3.50 

3.50 

3.50 

26 

8.46 

10.50 

6.16 

6.30 

5.60 

3.80 

3.45 

2.70 

2.86 

3.60 

3.50 

3.80 

27 

3.45 

9.30 

6.26 

5.40 

6.50 

3.80 

3.40 

2.70 

2.86 

3.50 

3.60 

3.30 

28 

3.45 
3.45 
3.45 

7.70 
7.25 

7.20 

10.00 

9.80 

5.50 
5.70 
6.70 

5.40 
6.40 
6.35 

3.76 
*3.70 
3.70 

3.40 
3.35 
3.35 

2.75 
2.75 
2.70 

2.90 
2.95 
3.00 

3.50 
8.50 
3.50 

3.50 
3.35 
3.35 

3.35 

29 

3.60 

30 

4.60 

31 

3.46 

9.36 

5.30 

3.30 

2.70 

3.50 

4.70 
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Rating  tahUfor  Pit  River  near  Oanby,  CW.,  from  January  I  to  December  31,  1904. 


Gage 
height. 

Discharge. 

Gage 
height. 

Diflcharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

/ferf. 

Seeond'/eet. 

1      Fctt. 

Second-feet, 

FM, 

Second'Jeet. 

1 

i      Feet. 

1 

Second-feet. 

2.60 

8 

4.00 

360 

1       5.40 

1,260 

;      7.60 

2,900 

2,70 

12 

4.10 

415 

5.50 

1,330  ' 

7.80 

3,080 

2.80 

18 

4.20 

475 

5.60 

1,400 

8.00 

3,260 

2.90 

25  ' 

1      4.30 

535 

5.70 

1,470 

8.50 

3,720 

3.00 

34 

4.40 

600 

5.80 

1,540 

9.00 

4,280 

3.10 

45 

4.50 

665 

5.90 

1,610 

9.50 

4,990 

3.20 

59  ! 

4.60 

730 

6.00 

1,680 

10.00 

5,910 

3.30 

76 

4.70 

795 

6.20 

1,820 

10.60 

6,900 

3.40 

100  • 

4.80 

860 

6.40 

1,960 

11.00 

8,000 

3.50 

130 

4.90 

925 

6.60 

2,100 

11.50 

9,300 

3.60 

165 

5.00 

990 

6.80 

2,260 

12.00 

10,700 

3.70 

205 

5.10 

1,055 

7.00 

2,420 

12.50 

12,200 

3.80 

255  1 

5.20 

1,120 

7.20 

2,580 

13.00 

13,700 

3.90 

305 

5.30 

1,190 

7.40 

2,740 

14.00 

17,000 

Ettimaied  monthly  discharge  of  Pit  River  near  Canhy,  Cal.,  for  1904» 

[Drainage  area,  1,500  square  mllea.] 


Month. 


January 

February 

March 

April 

May 

June 

July 

August , 

September 

October , 

November 

December 

The  year 


Discharge  In  second-feet. 


Maximum. 


Minimum. 


17,000 


205 

100 

7,340 

115 

17,000 

1,680 

3,770 

1,190 

5, 625 

1,190 

1,155 

205 

185 

76 

76 

12 

34 

8 

130 

34 

148 

130 

795 

76 

8 


Mean. 


135 

2,137 

4,211 

1,675 

2,082 

594 

135 

43 

15 

91 

131 

188 

953 


Total  in 
acre-feet. 


8,301 

122, 922 

258, 924 

99,669 

128,017 

35,346 

8,301 

2,644 

893 

6,695 

7,796 

11,560 

689,966 


Run-olT. 


Second-feet 

per  square 

mile. 


0.09 

1.42 

2.81 

1.12 

1.39 

.40 

.09 

.03 

.01 

.06 

.09 

.13 

.64 


Depth  in 
Inches. 


0.10 

1.53 

3.24 

1.25 

1.60 

.45 

.10 

.03 

.01 

.07 

.10 

.15 

8.63 
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ASH   CREEK   AT  ADIN,  CAL. 

This  station  was  established  March  13,  1904,  by  J.  S.  Evans  and 
William  Busch.  It  was  originally  located  one-fourth  of  a  mile  above 
the  town  of  Adin.  During  the  summer  the  closing  of  waste  gates  in 
the  dam  at  Adin  interfered  w4th  the  discharge  at  this  point  to  such  an 
extent  that  on  August  15,  1904,  the  station  was  reestablished  at  a  point 
100  feet  below  the  wagon  bridge  in  the  town  of  Adin,  Cal.,  which  is 
about  500  feet  below  the  dam. 

The  gage  is  a  2  by  6  inch  vertical  plank  fastened  to  a  tree  on  left 
bank  of  the  stream.  The  gage  is  read  once  each  da}^  b}^  H.  Williams. 
Discharge  measurements  are  made  from  a  suspension  footbridge  con- 
structed with  one-half-inch  cables.  The  channel  is  straight  for  200 
feet  above  and  200  feet  below  the  station.  The  left  bank  is  high,  but 
the  right  bank  is  subject  to  overflow  from  the  side  chaimel  which,  in 
flood,  diverts  water  from  above  the  station.  The  bed  of  the  stream  is 
gravelly  and  not  subject  to  change. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  measurements  of  Ash  (Mrk  at  Adirij  Cal.,  in  1904. 


Date. 


Hydrographer. 


J.  S.  Evans 
....do  .... 


March  13 

April  5 

April  15 do 

May  8 do 

May  17 ' do 

June  2 do 

June  12 

August  30 

September  13  . 

Septeml^er  20 do 

SeptemlxT  27 do 

October  8 do 


S.  G.  Bennett  and  J.  S.  Evans. 

J.  Y.  Toler 

....do 


October  14 i do , 

October  22 J.  Y.  Toler  and  VV.  B.  Clapp. 

November 2 J.  Y.  Toler , 


November  10 do 

November  24 do 

December  7 i do 

December  21 ... ' do 

December  28... do 


Gage 
height. 

Discharge. 

Fcti. 

iSccvnd-ftrt. 

4.50 

471 

4.70 

540 

5.80 

714 

6.10 

1,117 

4.10 

447 

2.10 

140 

1.10 

54 

1.80 

26 

1.80 

30 

2.01 

36 

1.98 

45 

1.85 

38 

1.80 

37 

1.75 

29 

1.77 

3;^ 

1.75 

33 

1.78 

42 

1..75 

36 

1.83 

41 

1.85 

42 
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Mean  daily  gage  height^  infeety  of  Ash  Creek  at  Adin^  Cat.  ^  for  1904- 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

4.40 
4.60 
4.60 
4.90 
4.90 
4.90 
4.70 
4.60 
4.50 
4.60 
4.90 

1 

9 

3 

4 

5 

1 

6 

r. ............. 

1 

J» 

9 

10 

11 

12 

5.20 

13 

4.50 

5.30 
4.80 
5.80 

14 

4.60 

15 

5.65 
5.35 
5.75 
5.70 
8.80 
7.70 
5.85 

16 

1 

5.20  ! 

17 ^.. 

1 

5.20 
4.80 

IS 

19 

1 

4.40  , 

30 

4.50 
4.40 
4.30 
4.20 

21 

1 

22... 

..1  - 

5.05 

23 

4.85 
4.50 
4.40 
4.60 
4.90 
6.00 
6.85 
5.60 
4.70 

24 

4.00  < 

2.) 

"' 

4.00  1 

ifi 

1 
1 

4.10 
4.30 

27 

2^ 

4.60 

29 

■ 

4.20 
5.70 

30 

31 

1 

' 

1 



May.    June. 
5.80  1    8.50 

July. 

Aug. 

1 

6.00      2.00 

- 

6.10 

(«) 

6.20 

6.00 

5.00 
5.10 
5.00 
4.30 
4.10 

4.20 

4.20 

1.10 

4.00 
4.00 

1.70 

4.10 

1.70 
1.70 
1.80 
1.80 
1.80 

4.00 

4.20 

4.20 

4.10 

4.10 

1 

1.80 

4.00 

1.80 
1.80 

4.00 

4.00 

1.80 

4.00 
4.00 
4.00 
4.00 

1.80 

1.80 

....... 

1.80 
1.80 

3.90 

1.80 

'3.70 
3.50 
3.60 

1.80 

1.80 

1.80 

1 

8ept. 

1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.8U 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
2.00 
1.90 
1.90 
1.90 
1.90 
1.95 
2.00 
2.00 
1.80 
1.80 
1.80 


Oct.   !  Nov. 


I 


1.80 
1.80 
1.80 
1.80 
l.HO 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
2.00 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
J. 80 
1.75 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
1.80 


I 


1.80 
1.80 
1.80 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
l.«0 
1.80 
1.80 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 


Dec. 

1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
5.60 
5.40 


a  Dam  put  in  creek  at  Adin  mill  one-fourth  mile  below  Htation.    Gage  readiiign  increa.sed. 
dlbcharge  interpolated  between  meter  mea.surementa  from  June  3  to  August  13,  inclusive. 

Rating  table  for  Ash  Creek  at  Adin^  Cal,,  from  March  13  to  June  ^y  1904. 


Daily 


Gage 
height. 


Discharge. 


Gage 
height. 


F€fL 

Second-feet 

1.00 

47 

1.10 

54 

1.20 

62 

1.30 

70 

1.40 

79 

1.50 

88 

1.60 

98 

1.70 

108 

1.80 

118 

1.90 

128 

2.00 

138 

2.10 

149 

2.20 

160 

2.30 

171 

Feet. 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 


Discharge. 

Second-feet. 
182 
195 
208 
221 
234 
247 
260 
275 
290 
305 
320 
335 
350 
365 


Gage 
height. 


Feet, 
3.80 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 
5.  20 


DiHcharge.  I    ^^f^^^ 


Second-feet. 
380 
398 
416 
434 
452 
470 
488 
506 
524 
542 
560 
580 
600 
644 


Fret. 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 


Discharge. 

Second-feet. 
688 

7;i5 

785 
835 

885 

9:i5 

985 
1,035 
1,085 
1,140 
1,200 
1,260 
1 ,  320 
1,380 
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Rating  table  for  Ash  Creek  at  Adin,  CW.,  from  Augutt  U  to  December  SI,  1904. 


Oace     1 
belghL 

DbtehAij^e. 

GtLge 
height. 

1 

'  Diflchaige. 

1 

Feet 

Sfcond^fivi. 

Feet. 

'  Seeond-feel. 

l.TO 

28     ' 

1.90 

1            36 

1.75 

29 

1.95 

;      39 

1.80 

31     i 

2.00 

!      ^2 

1.85 

33 

j 

Estimated  monthly  discharge  of  Ash  Creek  at  Adin,  (\il.,  fur  1904. 

[Drainage  area,  260  square  miles.] 


Month. 


Discharge  in  second-feet. 


Run-ofl. 


Maximum. 


Minimum. 


March 

April 

May 

June 

July 

August 

September 
October  . . . 
November . 
December  , 


The  period, 


1,470 

785 

885 

335 

45 

31 

42 

42 

36 

400 


488 
416 
335 
50 
35 
28 
31 
29 
31 
31 


Mean,    i 


ToU]  in 
aore-feet. 


Seoond-fect 
I  per  square 
mile. 


«735 
550 
505 
76 
40 
30 
33 
32 
32 
55 


45,193 
32,  727 
31,051 
4,522 
2,460 
1,845 
1,964 
1,968 
1,904 
3,382 

127,016 


2.77 
2.08 
1.91 
.29 
.15 
.11 
.12 
.12 
.12 
.21 


Depth  in 
inchest. 


3.19 
2:32 
2.20 

.:« 

.17 
.13 
.13 
.14 
.13 
.24 


CI  Mean  for  19  days  taken  as  mean  for  entire  month. 
PIT  RIVER  NEAR  BIEBER,  CAL. 

This  station  was  established  January  22,  1904,  by  J.  S.  Evans  and 
William  Busch.  It  is  located  12  miles  below  Bieber,  Cal.,  near  Muct 
Valley.  The  gage  is  a  heavy  wooden  rod  fastened  to  a  large  bowlder 
on  the  right  bank  of  the  stream.  It  is  read  once  each  day  by  F.  H. 
Holabird.  Discharge  measurements  are  made  from  cable  and  car. 
The  initial  point  for  soundings  is  foot  of  platform  at  end  of  cable  on 
right  bank  of  stream.  The  channel  is  straight  for  200  feet  above  and 
300  feet  below  the  station.  The  current  is  very  sluggish  at  low-water 
stage.  The  banks  are  high  and  not  subject  to  overflow.  The  channel 
is  very  rocky  and  rough,  l)ut  not  subject  to  change.  The  bench  mark 
is  on  a  large  bowlder  on  right  bank  60  feet  east  of  pine  tree  to  which 
cable  is  fastened.     It  is  12.00  feet  above  the  zero  of  the  gage. 
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The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  mccufurements  of  Pit  River  near  Bieber,  Col. ,  tn  1904' 


Date. 


Hydrographer. 


J.  S.  Evans 

do  .... 

do.... 

do  .... 

do  .... 

do 


January  22  . . . 
February  20. -- 

March  10 

AprillS 

May  4 

May  18 

June  3 do 

Jane  11 '  S.  G.  Bennett  and  J.  S.  Evans. 

Angust29 J.  Y.  Toler 

September  11  . .  . .' . .  .do 

September  21 do 

September  28 do 

October  15 do 

October  22 J.  Y.  Toler  and  S.  G.  Bennett. 

November  3 J.  Y.  Toler 

November  11 do 

November  25  . .  i do 

December  8 i do 

December  27 do 


Gage 
heiglU. 

DiRcharge. 

Feet. 

SeeoTul-feet. 

3.20 

221 

7.52 

4,850 

11.75 

15,  1(H 

7.10 

4,043 

9.15 

7,a33 

5.30 

1,935 

4.50 

1,139 

4.00 

712 

1.40 

37 

1.15 

21 

1.12 

11 

1.93 

27 

2.60 

90 

2.90 

118 

3.00 

142 

2.95 

139 

3.05 

163 

2.71 

73 

3.45 

280 
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Mean  daily  gage  height^  infeetj  of  Pit  River  near  Bieher^  Col,,  for  1904- 


Day. 

Jan. 

Feb. 

Mar. 

9.80 
9.40 
8.30 
8.30 
7.80 
9.20 
9.60 
12.00 
12.70 
11.70 
12.00 
10.80 
9.80 
9.20 
8.60 
7.50 
7.20 
7.60 
8.20 
8.60 
8.10 
7.80 
7.20 
6.80 
6.20 
6.10 
7.00 
8.20 
8.50 
8.70 
8.40 

Apr. 

8.10 
7.90 
7.80 
7.40 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.10 
7.10 
7.10 
7.00 
6.80 
6.40 
6.40 
6.50 
6.80 
6.90 
6.40 
6.40 
6.20 
6.50 
6.40 
7.80 
8.10 
8.50 
8.60 

1 

May. 

8.30 
9.35 
9.30 
i    9.20 
8.80 
8.20 
7.80 
7.30 
6.40 
6.40 
6.10 
5.90 
5.90 
5.80 
5.80 
5.80 
5.80 
5.80 
5.80 
5.70 
5.70 
5.60 
5.50 
5.50 
5.40 
5.40 
5.30 
5.20 
5.20 
5.10 
5.00 

June. 

5.00 

4.70 

4.50 

4.50 

4.40 

4.40 

4.20 

4.20 

4.10 

4.00 

4.00 

4.00 

4.00^ 

3.80^ 

3.80 

3.40 

3.30 

3.30 

3.20 

3.20 

3.10 

3.00 

2.80 

2.80 

2.70 

2.90 

2.90 

2.80 

2.80 

2.80 

July. 

2.90 
2.90 
2.90 
2.90 
2.80 
2.80 
2.80 
2.70 
2.70 
2.70 
2.50 
2.50 
2.50 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.70 
2.70 
2.60 
2.50 
2.50 
2.40 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 

Aug. 

2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.00 
1.80 
1.70 
1.70 
1.50 
1.40 
1.00 
1.20 
1.20 
1.30 
1.40 
1.40 
1.40 
1.40 
1.30 
1.20 
1.20 

Sept. 

1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.15 
1. 15 
1.15 
1.15 
1.15 
1.10 
1.10 
1.10 
1.10 
1.15 
1.15 
1.20 
1,20 
1.20 
1.20 
1.30 
1.50 
1.40 
1.60 
1.80 
1.95 
1.75 
1.75 

Oct. 

1.75 
1.75 
1.75 
1.80 
1.80 
2.50 
2.50 
2.80 
2.80 
2.80 
2.50 
2.50 
2.50 
2.60 
2.60 
2.60 
2.70 
2.70 
2.75 
2.80 
2.80 
2.90 
3.00 
3.10 
3.a5 

3.a5 

8.00 
3.00 
2.90 
3.20 
3.10 

Nov. 

Dec. 

1 

2 

3.20 
3.10 
3.20 
3.30 
3.30 
3.40 
3.30 
8.40 
3.40 
3.30 
3.40 
3.40 
3.60 
3.80 
4.10 
6.60 
9.45 
8.10 
8.10 
7.40 
7.60 
7.80 
9.80 
11.30 
10.80 
10.10 
9.80 
9.30 
9.10 

3.05 
3.20 
3.00 
3.00 
2.95 
2.95 
2.90 
2.95 
3.00 
2.95 
2.95 
2.96 
2.96 
8.00 
3.00 
3.00 
3.00 
3.20 
3.20 
3.10 
3.10 
3.00 
3.00 
3.00 
3.00 
3.05 
3.20 
3.25 
3.25 
3.30 

3.30 
3.25 

3 ■  

8.20 

4 ' 

3,10 

5 

2.90 

6 

2.80 

7 

2.70 

8 

2.80 

9 

2.80 

10 

3.15 

11 

8.20 

12 

3.30 

13 

3.40 

14 

3.30 

16 

3.30 

16 

3.30 

17 

3.35 

18 

3.35 

19 

3.40 

20 

3.40 

21 

3.45 

22 

3.20 
3.20 
3.30 
3.50 
3.50 
8.40 
3.30 
3.80 
3.20 
3.20 

3.50 

23 

3.50 

24 

3.60 

25 

3.a5 

26 

3-50 

27 

3.50 

28 

3,45 

29 

3.05 

30 

3.80 

31 

4.80 

Bating  table  for  Pit  River  near  Bieher,  Cal.y  from  January  ^2  to  December  31^  2904. 


Gage 
height. 

Dl.seharge. 

Gage 
height. 

Discharge. 
Second-feet. 

1 

1     Gage 
height. 

Discharge. 

Gage 
height. 

1 

Discharge. 
Second-feel. 

Fret. 

Second-fed. 

Feet. 

Feet. 

Second-feet. 

Feet. 

1.00 

10 

2.60 

85 

4.20 

870 

6.40 

3,  210 

1.10 

12 

2.70 

96 

4.30 

950 

6.60 

3,480 

1.20 

14 

2.80 

108 

4.40 

1,040 

6.80 

3,760 

1.30 

16 

2.90 

120 

4.50 

1,130 

7.00 

4,050 

1.40 

18 

3.00 

145 

4.60 

1,220 

7.50 

4,800 

1.50 

20 

3.10 

180 

4.70 

1,310 

8.00 

5,600 

1.60 

23 

3.20 

220 

4.80 

1,400 

8.50 

6,500 

1.70 

26 

3.  30 

270 

1.80 

30  i 

3.40 

320 

4.90 

1,500 

9.00 

7,540 

1.90 

35 

3.50 

375 

5.00 

1,600 

9.50 

8,680 

2.00 

40  1 

'  3.60 

435 

5.20 

1,800 

10.00 

9,940 

2.10 

45  ! 

3.70 

500 

5.40 

2,010 

10-50 

11,320 

2.20 

50 

3.80 

565 

5.60 

2,  230 

11.00 

12,800 

2.30 

57 

3.90 

635 

5.80 

2,460 

11.50 

14,380 

2.40 

65 

4.00 

710 

6.00 

2,700 

12.00 

16,020 

'      2.50 

1 

75 

4.10 

790 ; 

6.20 

2,950 

12.50 

17,660 
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EdimaUd  monthly  duclutrge  of  PU  River  near  Bieher,  Cal. ,  for  1904. 

[Draina^  area.  2,948  square  mllcA.] 


DiBcharge  in  iiecond-feet. 


Month. 


Maximum.  •  Minimum. 


January  o . 
Februan' . , 

March 

April 

May 

June 

July 

August 

September , 
October  _», 
November , 
December  , 


The  vear 


375 

13,740 

18,320 

6,500 

8,320 

1,600 

120 

57 

38 

220 

270 

1,400 

18, 320 


220 

180 

2,820 

2,d50 

1,600 

96 

67 

10 

12 

28 

120 

96 


Mean. 


ToUl  in 
arre-fei't. 


10 


238 

3,949 

7,590 

4,207 

3,439 

542 

83 

33 

16 

103 

165 

304 


Run-off. 


14,634 

227, 149 

466,691 

250,334 

211,456 

32, 261 

5,103 

2,029 

962 

6,333 

9,818 

18,692 


1,722     1,245,442 


Be<^ond-feet 

per  wiuare 

mile. 


0.08 

1.34 

2.57 

1.43 

1.17 

.18 

.03 

.01 

.01 

.03 

.06 

.10 

.58 


Depth  in 
inches. 


I 


0.09 

1.45 

2.96 

1.60 

1.35 

.20 

.03 

.01 

.01 

.03 

.07 

.12 

7.92 


a  January  1  to  21,  inclusive,  discharge  cKtimated  at  220  second-feet. 
FEATHER   RIVER  AT  OROVILLE,  CAL. 

At  Oroville,  where  Feather  River  breaks  from  the  foothills  on  the 
western  slope  of  the  Sierra  Nevada  into  Sacramento  Valley,  it  has 
a  drainage  area  of  3,350  square  miles.  This  station  was  established 
January- 1, 1902,  by  S.  G.  Bennett.  It  is  located  at  the  northeast  edge 
of  the  town  of  Oroville,  Cal.  Observations  of  the  daily  river  height 
were  begun  January  1,  1902,  using  the  rod  of  the  United  States 
Weather  Bureau,  which  has  been  in  place  for  a  number  of  years.  This 
i«  a  2-inch  vertical  iron  pipe.  Readings  on  this  rod  have  been  taken 
and  re[K)rted  by  the  United  States  Weather  Bureau  during  floods  when 
there  was  danger  of  overflow  on  the  lower  Feather  and  Sacramento 
rivers.  To  avoid  negative  readings  the  height  as  read  on  the  gage  has 
l)een  increased  by  2  feet.  On  August  11, 1904,  a  new  set  of  gage  rods 
of  2  by  8  inch  timber,  painted  white  and  graduated  to  feet  and  tenths, 
were  set  to  read  2  feet  more  than  the  old  gage.  Three  of  the  sections  are 
telted  to  a  rock,  and  a  fourth  is  nailed  to  one  of  the  bridge  piers.  The 
gage  is  read  twice  each  da}^  by^  D.  G.  Page.  Discharge  measurements 
are  made  bv  means  of  a  cable  and  boat,  located  500  feet  above  the 
gage.  Flood  measurements  are  made  by  means  of  floats.  The  channel 
is  straight  for  300  feet  above  and  100  feet  below  the  station.  It  has 
a  width  of  about  200  feet  at  ordinary  stages  and  of  about  700  feet  at 
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flood  stages.  The  bed  of  the  stream  is  composed  mainly  of  rock  and 
is  rough  and  permanent.  The  current  is  swift  at  ordinary  stages).  A 
standard  United  States  Geological  Survey  bench  mark  has  been  sul- 
phured in  the  rock  at  an  elevation  of  15.00  feet  above  the  zero  of  the 
gage.  The  minimum  midsummer  discharge,  as  far  as  known,  was  in 
1900,  when  the  stream  was  flowing  1,123  second-feet. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  measurements  of  Feather  River  at  OromUej  Cal.yfor  1904- 


Date. 


Hydrographer. 


Gage 
height. 


January  20  . . 
February  19  . 

March  31 

May  30 

June  8 

June  10 

June  18 

June  23 

June  30..:... 

July  15 

August  12  ... 
September  25 
November  1  . 


W.  B.  Newhall 

S.  G.  Bennett 

E.  C.  Murphy,  S.  G.  Bennett,  and  W.  B.  Clapp. 

Wm.  Watson  and  John  Tarish 

C.  W.  McConaughy 

Wm.  Watson 

C.  W.  McConaughy  and  John  Tarish 

C.  W.  McConaughy  and  Geo.  J.  Carr 

C.  W.  McConaughy 

do 

O.  W.  Peterson 

do 

do 


I 


Feet. 
3.42 
10.70 
13.40 
9.20 
7.60 
7.20 
5.70 
4.90 
4.00 
2.95 
1.90 
4.65 
2.75 


Disehaiige. 


3,403 

18,  715 

34,000 

12,  793 

9,319 

9,186 

6,368 

5,269 

4,129 

2,862 

1,941 

4,679 

2,519 


Mean  daily  gage  height ^  in  feet,  of  Feather  Hirer  at  OroviUe,  Cat.,  for  1904. 


Day. 

Jan. 

1 

4.30 
4.60 
4.00 
3.75 
3.30 
3.20 
3.10 
3.00 
8.00 
3.10 
3.45 
3.45 
3.30 
3.25 
8.10 
3.20 
3.45 
3.75 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Sept. 

Oct. 

1.80 

2.15 

1.80 

2.10 

1.75 

2.05 

1.70 

2.00 

1.70 

1.90 

1.70 

1.90 

1.60 

2.a5 

1.60 

2.30 

1.50 

4.90 

1.50 

7.80 

1.50 

12.25 

1.50 

7.00 

1.50 

5.30 

1.40 

4.40 

1.45 

4.40 

1.40 

4.50 

1.40 

4.20 

i.a5 

3.95 

Nov 


2.70 
3.15 
2.95 
2.80 
2.70 
2.70 
2.60 
2.50 
2.40 
2.30 
2. 55 
2.80 
2.70 
2.60 
2.80 
3.40 
2.9f» 
2.90 


I 


Dec. 

3.W 
S.50 
8.40 
3.20 
2.90 
2.  fo 
2.60 
2.50 
2.40 
3.35 

3.30 
3.10 
S.a'S 
2.95 
2.vS0 
2,70 
2.-^5 
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Mam  daily  gage  height,  in  feet,  of  Feather  IHver  at  OrovUle,  Cal.,  for  1904 — Ck>ntinued. 


19. 

ao. 

21. 
22. 
23. 
21. 
25. 
26. 
27. 
28, 
29. 
30. 
31. 


Day. 


Jan. 

Feb. 
10.45 

Mar. 

Apr. 
12.60 

May. 

June. 

July. 

Aug. 
1.86 

Sept. 

Oct. 
8.90 

Nov. 
2.90 

Dec. 

S.80 

19.75 

10.40 

5.50 

2.80 

1.40 

2.55 

8.45 

9.56 

19.15 

11.96 

10.25 

5.86 

2.75 

1.80 

1.50 

4.06 

2.70 

2.70 

8.30 

9.65 

16.70 

11.80 

10.00 

5.25 

2.70 

1.80 

1.60 

8.45 

2.60 

2.80 

8.45  '  17.80 

14.70 

10.90 

10.75 

5.15 

2.65 

1.80 

2.00 

2.80 

2.70 

3.05 

8.45 

16.40 

18.56 

10.40     10.85 

4.95 

2.60 

1.80 

4.20 

2.70 

2.60 

3.85 

3.85 

21.60 

12.80 

10.80     10.60 

4.75 

a(2.55) 

1.80 

4.80 

2.70 

2.50 

4.70 

8.25 

18.70 

12.00 

10.15     10.55 

4.56 

(2.50) 

1.90 

4.70 

2.60 

2.40 

4.50 

3.15 

17.15 

11.65 

10.05 

10.70 

4.45 

(2.45) 

1.90 

4.05 

2.50 

2.40 

4.10 

3.10 

16.05 

11.50 

9.95 

9.65 

4.25 

(2.40) 

1.96 

3.80 

2.  SO 

2.70 

3.90 

8.00 

13.90 

13.75 

9.95 

9.50 

4.05 

(2.85) 

1.90 

2.80 

2.25 

3.10 

3.60 

8.00 

12.55 

16.70 

9.70 

9.05 

4.00 

(2.30) 

1.80 

2.55 

2.25 

2.20 

3.25 

2.90 

15.10 

9.50 

9.00 

4.05 

(2.25) 

1.80 

2.20 

2.35 

8.30 

16.96 

2.95 

13.40 

8.90 

(2.25) 

1.80 

2.50 

12.80 

a  July  24  to  August  6,  inclusive,  gage  heights  interpolated. 
Rating  table  for  Feather  River  at  OromUe,  Cal,,  from  January  1  to  December  SI,  1904. 


Gage 
height. 

1 

Discharge. 

.     Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

1 

Discharge. 

k. 

Second-feet. 

J%e«. 

Seeondr/eet. 

Feet. 

1 
Second-feet. 

Feet. 

Second-feet. 

1 

FeeL 

1 

1.30 

1,570 

3.20 

3,090 

5.20 

5,630 

10.50 

18,100 

1.40 

1,630 

3.30 

3,210 

1      5.40 

5, 910  ; 

11.00 

20,100 

1.50 

1,690 

3.40 

3,330 

5.60 

6,190 

11.50 

22,500 

1.60 

1,750 

3.50 

3,450 

•    5.80 

6,470 

12.00 

25,100 

1.70 

1,810 

;      3.60 

3,570 

6.00 

6,750 

12.50 

28,100 

1.80 

1,870 

.  3.70 

3,690 

6.20* 

7,050 

13.00 

31,100 

1.90 

1,930 

3.80 

1 

3, 810 

6.40 

7,350 

13.50 

34,600 

2.00 

1,990 

3.90 

3,930 

6.60 

7,660 

14.00 

38,100 

2.10 

1 

2,050 

4.00 

4,050 

6.80 

7,980 

14.50 

41,850 

2.20 

2,120 

4.10 

4,180 

7.00 

8,300 

15.00 

45,600 

2.30 

2,190 

4.20 

4,310  1 

7.20 

8,640 

15.50 

49,600 

2.40 

2,260 

4.30 

4,440 

7.40 

9,000 

16.00 

53,600 

2.50 

2,330 

4.40 

4,570 

7.60 

9,400 

16.50 

57, 850 

2.60 

2,410 

4.50 

4,700 

7.80 

9,800 

17.00 

62,100 

2.70 

2,500 

4.60 

4,830 

8.00 

10,260 

17.50 

66,600 

2.80 

2,610 

4.70 

4,960 

8.50 

11,520  , 

18.00 

71, 100 

2.90 

2,730 

4.80 

5,090 

9.00 

12,900 

19.00 

80,500 

3.00 

2,850 

4.90 

5,220- 

9.50 

14,400 

20.00 

90,500 

3.10 

2,970 

5.00 

5,350 

10.00 

16,150 

21.00 

100,500 
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Estimated  monthly  discharge  qf  Feather  River  at  OrovUle,  Cai,,  for  1904- 

[Drainage  area,  3,350  square  miles.] 


Month. 


January  

February  

March 

April 

May 

June 

July  

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


4,830 

105,500 

95,000 

40,350 

24,000 

12,340 

3,990 

2,120 

5,090 

26,600 

3, 330 

61, 675 


105,500 


Minimum. 


Mean. 


2,730 

2,850 

22,500 

14,400 

12,620 

4,050 

2,155 

1,870 

1,600 

1,930 

2,120 

2,  260  ; 

1,600 


3,296 

27,766 

39,529 

24,468 

1 7,  751 

7,459 

2,910 

1,964 

2,252 

4,137 

2,Si56 

5,874 


Run-off. 


Totei  in 
acre-feet. 


I 


Second-feet 

per  sauare 

mile. 


Depth  in 
inches. 


11,664 


202,663 

0.98 

1,597,118 

8.29 

2, 430, 543 

11.80 

1,465,947 

7.30 

1,091,466 

5.30 

443,841 

2.23 

178,929 

.87 

120,  762 

.59 

134,003 

.67 

254,374 

1.23 

152, 093 

.76 

361,178 

1.75 
3.48 

8,422,917 

1.13 

8.94 

13.60 

8.  14 

6.11 

2.49 

1.00 

.68 

.75 

1.42 

.85 

2.02 


47.13 


YUBA   RIVER   NEAR   SMART8VILLE,  CAL. 

This  station  was  established  June  2, 1903,  by  W.  H.  Stearns.  It  is 
located  at  what  is  called  "The  Narrows,"  1  mile  from  Smartsville, 
Cal.,  18  miles  from  the  Southern  Pacific  Railway  station  at  Wheat- 
land, Cal.,  and  20  miles  from  Marysville,  Cal.  The  gage  is  in  two 
sections.  The  lower  one  is  bolted  to  the  rock  wall  on  the  left  bank  of 
the  river  and  the  upper  one  to  the  right  bank.  Both  are  painted 
white,  and  are  graduated  to  feet  and  tenths.  The  observer,  J.  R. 
McKeel,  reads  the  gage  once  each  day.  Discharge  measurements  are 
made  from  a  car  and  cable.  One  auxiliary  cable  is  stretched  parallel 
to  and  100  feet  upstream  from  the  main  cable,  and  a  second  one  is 
located  150  feet  below  the  station  cable  for  float  measurements.  The 
initial  point  for  soundings  is  on  the  left  bank  at  the  eyebolt  to  which 
the  cable  is  fastened.  The  channel  is  straight  for  200  feet  above  and 
300  feet  below  the  station,  and  the  current  is  swift  at  all  stages. 
In  the  150  feet  above  the  cable  the  stream  has  a  fall  of  0.2  foot,  and  of 
0.9  foot  in  the  200  feet  below.  Both  banks  are  high  and  rocky  and 
are  not  subject  to  overflow.  The  banks  widen  out  considerably  just 
below  the  station.  The  bed  of  the  stream  is  composed  of  gravel 
and  sand — tailings  from  hydraulic  mining — and  is  constantly  shifting. 
After  the  rains  of  1904  it  was  found  that  the  bed  of  the  stream  had 
been  lowered  for  an  average  depth  of  2  feet.     The  bench  mark  is  a 
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cross  in  a  projecting  point  of  rock  under  the  cable  on  the  right  bank 
of  the  river  350  feet  from  the  initial  point  for  .soundings.  It  is  38.65 
feet  above  the  zero  of  the  gage.  Frequent  discharge  njeasuronients 
are  made  on  account  of  continual  changes  of  the  river  bed.  These 
changes,  however,  do  not  materially  affect  discharge  measurements 
for  the  same  gage  height. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  meaaurements  of  Ytiba  River  near  SmartsnUe^  Cal.y  in  1904^ 


Date. 


Hydrographer. 


January  11 J.  R.  McKeel 

January  18 do 

January  29 do 

Februarys ' do 

February 25 A.  C.  Lootz . . 

May  10 J.  R.  McKeel 

Mav23 do 

M4y28 do 

June  13 

June  23 

July  11 

July  17 

Julv25 

August  6 


August  13. 


..,.do 

....do 

....do 

O.  W.  Peterson 
J.  R.  McKeel . . 

....do 

O.  W.  Petereon 


August  28 '  J.  R.  McKeel 


September  11  . 
September  23  . 
September  26  . 

October  27 

November  1  S.- 
November 28.. 
December  26.. 
December  27.- 


do . 

0.  W.  Peterson 
J.  R.  McKeel . . 
do 


do 
do 
.do 
do 


Ga«e 
height. 

1 

Discharge. 

Feet. 

Second-feet. 

6.3 

2,594 

5.9 

2,020 

5.5 

1,701 

6.0 

2,162 

'     13.5 

23,380 

10.3 

10,801 

11.2 

15,910 

9.3 

8, 862 

8.3 

6,711 

7.2 

4,343 

5.1 

1,468 

4.4 

1,049 

4.1 

849 

3.8 

669 

3.7 

625 

3.5 

495 

3.4 

444 

4.9 

1,528 

5.45 

2,256 

4.7 

968 

4.5 

787 

5. 15 

1,522 

0.  2 

1,537 

5.0 

1 ,  391 
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Mean  daily  gage  height,  infeei,  of  Yuha  River  near  SmartsviUe,  Oal,yfar  1904^ 


Day. 

Jan. 

6.10 
6.80 
5.70 
6.80 
6.70 
6.70 
6.60 
6.60 
6.60 
6.60 
6.30 
5.90 
5.70 
5.70 
6.60 
6.70 
5.70 
6.90 
6.10 
5.80 
6.70 
6.60 
6.80 
6.70 
5.70 
5.60 
5.60 
5.50 
6.60 
6.50 
5.50 

Feb. 

5.50 

6.60 

5.50 

6.90 

6.10 

6.90 

6.90 

6.00 

6.80 

6.70 

6.70 

10.50 

8.50 

7.50 

9.60 

20.00 

17.00 

(12.00) 

(10.50) 

(9.50) 

(9.50) 

20.30 

14.30 

20.90 

13.60 

12.40 

11.20 

10.60 

10.80 

Mar. 

10.00  • 

9.60 

10.00 

10.90 

10.90 

16.20 

.10.60 

12.50 

11.10 

13.10 

11.10 

10.50 

9.80 

10.70 

10.60 

10.60 

14.80 

16.50 

15.10 

13.90 

10.80 

10.80 

9.10 

9.90 

9.10 

8.70 

9.00 

14.80 

13.30 

11.10 

10.20 

1 
Apr. 

May. 

June. 

8.60 
8.30 
8.70 
8.50 
8.30 
8.30 
8.20 
8.20 
8.10 
8.10 
8.20 
8.20 
8.10 
8.00 
7.70 
7.40 
7.80 
7.20 
7.20 
7.00 
6.70 
6.80 
7.00 
6.60 
6.40 
6.40 
6.40 
6.20 
6.10 
6.90 

July. 

5.90 
5.70 
6.80 
6.70 
5.60 
6.40 
5.90 
5.20 
5.10 
5.00 
4.90 
4.90 
4.80 
4.70 
4.60 
(4.50) 
4.40 
4.30 
4.30 
4.80 
4.20 
4.20 
4.20 
4.10 
4.10 
4.10 
4.00 
4.00 
4.00 
3.90 
3.90 

Aug. 

3.90 
3.80 
3.80 
8.80 
3.80 
8.80 
8.80 
8.70 
^.70 
8.70 
3.70 
3.70 
8.70 

(3. 70) 
8.70 

(3.70) 
8.70 

(3.60) 
8.60 
8.60 

(3.60) 
3.60 

(3.60) 
3.60 

(3.60) 
8.60 

(8.60) 
3.50 

(3.50) 
8.50 

(8.60) 

Sept. 

Oct 

Nov. 

Dec. 

1 

9.60 

9.50 

9.50 

9.60 

9.40 

9.60 

9.70 

10.10 

10.30 

10.60 

10.80 

10.80 

11.20 

11.40 

11.40 

11.10 

10.30 

9.90 

11.30 

9.90 

9.30 

9.10 

8.90 

9.20 

8.90 

9.70 

9.20 

9.30 

8.90 

8.60 

9.30 

9.20 

8.80 

9.10 

9.80 

9.80 

9.80 

10.20 

10.20 

10.20 

10.20 

10.30 

10.40 

11.20 

10.20 

10.20 

9.80 

9.70 

9.50 

9.30 

10.10 

11.20 

11.10 

11.00 

11.10 

9.30 

9.40 

9.20 

9.60 

9.00 

8.80 

8.50 

(8.60) 
8.60 

(8.60) 
8.40 

(3.40) 
3.40 
8.40 
8.40 

(3.40) 
8.40 

(3.40) 
3.40 

(3.40) 
3.40 

(3.40) 
3.40 

(3.40) 
3.40 

(3.40) 
8.40 
8.40 
6.00 
6.50 
6.50 
4.90 
4.50 
4.10 
4.00 
3.80 

8.80 
3.80 
8.70 
8.70 
3.70 
3.70 
8.90 
4.40 
6.00 
6.60 
11.50 
7.50 
6.10 

5.;o 

6.90 
5.70 
5.40 
5.20 
6.10 
6.00 
4.90 
4.90 
4.90 
4.80 
(4.70) 
4.70 
4.70 
4.70 
4.70 
4.90 
4.80 

4.90 

6.30 

5.00 

4.80 

4.80 

4.70 

4.70 

4.70 

4.70, 

4.60 

4.60 

4.50 

4.50 

4.50 

5.40 

6.00 

4.70 

4.70 

4.80 

4.70 

4.70 

4.70 

4.60 

4.60 

4.60 

4.50 

4.80 

5.20 

4.90 

5.60 

6.50 

2 

5.10 

3 

AOO 

4 

4.90 

6 

4.80 

6 

4.80 

7 

4.70 

8 

4.70 

9 

4.80 

10 

5.00 

11 

4.80 

12 

4.80 

13 

f>.00 

14 

4.90 

16 

4.80 

16 

4.80 

17 

4.70 

18 

4.70 

19 

4.70 

20 

4.70 

21 

4.60 

22 

4.eo 

23 

24 

4.70 
6.50 

26 

5.50 

26 

27 

5.20 
5.00 

28 

4.90 

29 

4.90 

30 

12.00 

81 

11.40 

NoTB.— Gage  heights  iu  parentheaiB  are  estimated. 
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Rating  table  Jor  Yuha  River  near  Smartsvillef  CaLyjrom  Januanj  1  to  I)ereinf*er  Sly  ltH)4. 


Gage 
height. 

r 
1 

Diflcharge. 

Gage 
height. 

Dlflchaige. 
^amd-Jeei. 

he^t. 
Ftet. 

Disehaige. 

(>age 
height. 

1 

FerL 

Second-/eei. 

FKt. 

Second-Jed. 

f^et. 

3.40 

445 

5.10 

1,370  ! 

6.80 

3,290  ' 

10.00 

3.50 

495 

5.20 

1,450 

6.90 

3,450 

10.50 

3.60 

545 

5.30 

1,530 

7.00 

3,620  1 

!     11.00 

3.70 

595 

5.40 

1,610 

7.20 

3,970 

11.50 

1 

3.80 

645 

5.90 

1,700  . 

7.40 

4,350  ; 

12.00  ■ 

3.90 

695 

5.60 

1,790  1 

7.60 

4,750 

1     12.50 

4.00 

745 

5.70 

1,880  ) 

7.80 

5,170 

13.00 

4.10 

795 

5.80 

1,980 

8.00 

5,600  : 

13.50  " 

4.20 

845 

5.90 

2,080  \ 

8.20 

6,  (MO 

.     14.00 

1 

4.30 

895 

6.00 

2,190 

8.40 

6,500  . 

15.00 

4.40 

945 

6.10 

2,310 

8.60 

6,980 

16.00  1 

4.50 

1,000  , 

6.20 

2,430  ; 

8.80 

7,480 

17.00  ' 

4.60 

1,055 

6.30 

2,550 

9.00 

8,000 

18.00 

4.70 

1,110 

6.40 

2,680 

9.20 

8,530  . 

19.00 

4.80 

•  1,170 

6.50 

2,820  ' 

9.40 

9,070 

20.00 

4.90 

1,230 

6.60 

2,970  ! 

9.60 

9,630  . 

■ 

5.00 

1,300 

6.70 

3,130 

9.80 

10,200 

1 
1 

SecoTtd-fect. 
10,780 
12,340 
14,080 
15, 940 
17,880 
19,880 
21,960 
24,080 
26,280 
31,000 
36,000 
41,000 
46,000 
52,000 
58,000 


Estimated  mojilMy  di»charge  of  Yuba  River  near  Smartstillej  CaL,  for  J 904. 

[Drafaage  area,  1,220  square  miles.] 

f^ 


Month. 


Discharge  in  second- feet. 


Maximum.    Minimum. 


January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

Kovember 

December 

The  year 


2,550 
59,  800 
31,500 
15,  560 
14,800 

7,230 

2,080 
695 

1,700 
15, 940 

1,790 
17,880 

59,800 


Mean. 


Run-off. 


Total  In 
acre-feet. 


1,700 

1,700 

7,230 

6,740 

7,480 

2,080 

695 

495 

445 

595  • 

1,000  , 

1,055 

445 


1,924 
14,^13 
15,399 
10,638 
10, 561 
4,650 
1,156 


118,302 
857, 805 
946,  848 
6:«,  005 
649, 371 
276, 694 
'  71,080 


^mT     i"*-"»^««- 


580 

:i5, 663 

637 

37,904 

1,855 

114,060 

1,180 

70,215 

2,280 

140, 192 

5,481 

3,951,139 

1.58 

1.82 

12.22 

13.18 

12.62 

14.  55 

8.  72 

9.73 

8.66 

9.98 

3.81 

4.25 

.95 

1.10 

.48 

.55 

.52 

.58 

1.52 

1.75 

.97 

1.08 

1.87 

2.16 

4.49 


60.73 
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STREAM   MEASUREMENTS    IN    1904,   PART    XI. 


[NO.  2^. 


BEAR  RIVER  ABOVE   WHEATLAND,  CAL. 

This  station  was  established  by  O.  W.  Peterson  on  October  8,  19li4. 
It  is  located  about  800  feet  below  McCourtney  Crossing  and  8  miles 
above  Wheatland.  The  gage  rods  are  300  feet  above  the  station,  on 
the  left  bank  of  the  river.  The  gage  is  made  of  3  by  8  inch  timber, 
painted  white,  and  is  graduated  to  feet  and  tenths.  Two  of  the  sections 
are  bolted  to  the  rock  and  the  upper  section  is  nailed  to  a  tree.  The 
gage  is  read  once  each  day  b}^  George  W.  Dunlap.  Discharge  measure- 
ments are  made  from  a  car  and  cable.  An  auxiliary  cable  is  located 
150  feet  downstream  and  parallel  to  the  large  one,  so  that  float  measure- 
ments can  be  made  at  very  high  water.  The  white  oak  tree  to  which 
the  right  end  of  the  cable  is  fastened  is  the  initial  point  for  soundings. 
The  channel  is  straight  for  350  feet  both  above  and  below  the  station. 
At  ordinary  stages  the  velocity  is  moderate.  Neither  bank  is  subject 
to  overflow.  The  bed  of  the  stream  is  composed  of  gravel  and  is  not 
subject  to  any  material  change.  A  standard  United  States  Geological 
Survey  bench  mark  is  sulphured  in  a  hole  drilled  in  the  rock  between 
the  two  upper  sections  of  the  gage.  Its  elevation  is  12.26  feet  above 
the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  measurements  of  Bear  River  above  Wlveailand^  Cal.^  in  1904' 


Date. 


Hydrographer. 


August  14 W.  B.  Clapp  and  O.  W.  Peterson. 

October  9 '  0.  W.  Peterson 

October  31 do 1 


Ft  ft 

(«) 
4.90 

3.70 


heliSt.       l>"charKe. 


Secvnd-fut- 
SO 
771 
176 


a  Measurement  made  before  gage  was  established. 


CLAPP.] 


SAN    FRANCISCO   BAY    DRAINAGE    BASIN. 
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Meitn  daily  gage  heighiy  in  feet,  of  Bear  River  above  Wheaiiand,  Ood.,  for  1904' 


J>ay. 

Oct 

Nov. 

'   Dec. 

4.50 
4.00 
3.80 
3.80 
3.70 
3.70 
3.60 
3.60 
3.80 
3.90 
3.80 
3.70 
3.90 
3.80 
3.80 

3.70 

1 

Day. 

Oct. 

3.80 
3.80 
3.70 
3.60 
3.60 
3.60 
3.60 
3.60 
3.50 
3.50 
3.50 
af.40 
3.40 
3.60 
3.70 

Nov. 

Dec. 

1 

5.50 
4.80 
4.30 
3.70 
3.70 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
4.40 
4.00 

17 

3.80 
3.60 
3.60 
3.50 
3.50 
3.50 
3.50 
3.50 
3.40 
3.40 
3.70 
3.60 
3.50 
3.50 

3.70 

9 

18 

3.60 

3 

19 

3.60 

4 

. 

20 

3.60 

5 

21 

3.50 

6.. 

22 

3.50 

7 

23 

3.80 

8 

24 

5.50 

9 

4.80 
4.10 
9.00 
4.70 
4.00 
3.90 
5.10 
(4.40) 

25 

4.40 

10 

26 

4.00 

11 

27 

3.90 

12 

28 

3.80 

13 

29 

3.80 

14 

30 

5.80 

15 

31 

8.80 

16 

AMERICAN   RIVER  NEAR  FAIROAKS,  CAL. 

This  station  was  established  November  3,  1904,  by  O.  W,  Peterson. 
It  is  located  at  Fairoaks  Bridge,  near  Fairoaks.  The  gage  is  made  of 
2  by  8  inch  timber,  painted  white,  and  is  graduated  to  feet  and  tenths. 
It  is  nailed  to  one  of  the  piles  at  the  upper  side  at  the  right  end  of 
the  Fairoaks  Bridge.  The  gage  is  read  twice  each  day  by  J.  P.  Jones. 
Discharge  measurements  are  made  from  the  downstream  side  of  the 
bridge. 

The  vertical  face  of  the  right  abutment  is  4  feet  from  the  initial 
point  for  soundings.  The  channel  is  straight  for  400  feet  above  and 
below  the  station.  At  ordinary  stages  the  velocity  is  moderate.  The 
right  bank  is  not  subject  to  ovei*flow.  At  times  of  very  high  water 
the  left  bank  is  subject  to  overflow  and  a  second  channel  is  formed. 
The  bed  of  the  stream  is  composed  of  gravel,  and  is  subject  to  slight 
changes  at  times  of  high  water.  At  ordinary  stages  the  river  is  about 
210  feet  in  width  and  averages  over  4  feet  in  depth.  The  bench  mark 
is  a  nail  driven  in  the  guard  rail  over  the  upstream  center  pier,  and  is 
31.00  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 
IBR  134—05 10 
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STREAM   MEASUREMENTS    IN    1904,   PART    XT. 


[no.  ISi 


Discharge  measurements  of  American  River  near  Fairoaks,  Oal.,  in  1904- 


Date. 


October  29.. 
November  3 


Hydrographcr. 


O.  W.  Peterson 
do 


Gage 
height 

Fed. 

2.60 

2.80 

Discharge. 

Second-fed. 
887 
1,12-2 


Mean  daily  gage  height ^  infeety  of  American  River  near  FairoakSf  Ta/.,  for  1904- 


Day. 

Nov. 

Dec. 

1   ., 

3.05 

2 

3.30 

3 

« 

3.10 

4 

6 

2.75 
2.70 
2.70 
2.60 
2.50 
2.50 
2.40 
(2. 40) 

2.65 
2.70 

6 

2.55 

7 

2.55 

8 

2.60 

9 

2.55 

10 

2.55 

11  .^ 

2.60 

Day 


Nov. 


Dec. 


12 (2.40),    2.65 


13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


1 
2.45 

2.60 

2.65 

2.75 

2.70 

2.50 

2.65 

2.60 

2.55 

2.50 

2.55 
2.50 
2.55 
2.70 
2.60 
2.40 
2.65 
2.65 
2.90 


Day 


Nov. 


23 

2.55 

24 

2.55 

25 

2.65 

26 

27 

Ml           ......... 

2.60 
2.60 

28 

2.70 

29 

2.70 

30 

3.05 

31 

Dec. 


2.70 
2.65 
2.70 
2.55 
2.50 
2.40 
2.60 
3.70 
7.85 


SACRAMENTO   RIVER  AT   SACRAMENTO,  CAL. 

Gage  height  and  turbidity  records  were  taken  at  this  station  during 
1904. 

^fean  daily  gage  height,  in  feel,  of  Sacramento  River  at  Sacramento,  CaL,  for  1904- 

[Obaerver,  J.  C.  Pierson.] 


6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Day. 


Jan. 


Mar. 


1 

1 

1 

1   ' 

14.1 
14.2 
11.3 
14.4 

14  •? 

13.9 

13.6 

13.1 
13.0 
13.0 
12.8 
13.2 
13.4 
13.7 
13.8 
13.9 
13.7 
13.5 
14.8 
19.9 
19.4 
18.  H 
22.4 


25.4 
24.5 
24.8 
23.9 
23.6 
23.4 
23.2 
23.0 
23.0 
23.0 
22.9 
23.6 
23.7 

2:j.7 

24.0 
23.8 


Apr. 

24.0 
23.8 
23.6 
23.3 
23.0 
22.9 
22.5 
22.4 
22.2 
22.2 
22.2 
22.0 
22.2 
22.2 
22.3 
22.1 


May.    June.    July. 


20.8 
20.8 
20.9 
21.0 
21.2 
21.4 
22.0 
21.8 
21.6 
21.7 
21.8 
21.8 
22.0 
21.1 
21.8 
21.8 


20.5 
20.4 
21.2 
20.5 
20.5 
20.4 
20.3 
19.9 
19.9 
19.9 
19.0 
19.5 
19.8 
19.2 
19.0 
19.1 


I 


15.5 
15.3 
15.0 
14.7 
14.4 
14.2 
13.9 
13.8 
13.5 
13.3 
13.2 
13.0 
12.9 
12.6 
12.4 
12.3 


Aug. 

Sept. 

Oct. 

Nov. 

10.8 

9.0 

9.7 

11.1 

10.2 

9.0 

9.5 

11.3 

10.0 

8.9 

9.5 

11.6 

10.0 

8.9 

9.4 

11.6 

9.9 

8.9 

9.3 

11.5 

9.9 

8.8 

9.2 

11.2 

10.0 

8.8 

9.1 

11.0 

9.9 

8.7 

9.3 

ll.i) 

9.7 

8.7 

10.5 

10.9 

9.6 

8.7 

11.2 

10.8 

9.5 

8.6 

13.5 

10.7 

9.5 

8.6 

17.8 

10.6 

9.3 

8.5 

16.2 

10.6 

9.6 

8.5 

15.1 

10.5 

10.0 

8.4 

13.9 

10.4 

10.0 

8.4 

13.3 

10.6 

Dec. 


11.9 
12.4 
12.5 
12.2 
11.9 
11.5 
11.2 
11.0 
10.9 
10.8 
10.  K 
11.2 
11.1 
11.3 
11.8 
11.9 


rijipp.j 


SAir    FBANCI80O    BAT    DRAIKAOE    BASIN. 
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Mean  daily  gage  height,  in  feet,  of  Sacramento  Rii'er  at  Sacramento,  Cat.,  for  liH)4 — Con. 


Day. 


Jan.  '  Feb 


17 IS.ft 

18 13.8 

19 ,  14.4 

2D I  15.2 

21 15.1 

22 14.9 

2:} 14.7 

24 14.5 

25 14.4 

2fi 14.2 

27 14.0 

2S 13.7 

^ 13.5 

30 13.4 

31 13.3 


21.8 
21.4 
21.4 
21.6 
22.4 
23.8 
25.0 
25.6 
27.1 
27.8 
27.7 
26.7 
26.0 


Mar. 

28.3 

Apr. 

May. 
21.6 

22.0 

24.2 

22.2 

21.6 

24.3 

22.0 

21.5 

25.9 

22.0 

21.2 

26.3 

21.8 

21.2 

26.2 

21.8 

21.4 

25.9 

21.6 

21.4 

25.4 

21.5 

21.2 

25.0 

21.3 

21.4 

24.5 

21.2 

21.1 

24.0 

21.1 

20.  K 

23.7 

21.1 

20.8 

23.9 

1 

21.0 

20.7 

'  24.4 

20.8 

20.7 

24.2 

1 

20.6 

19.0 

18.9  I 

18.7 

18.6 

18.2 

18.0 

17.9 

17.8 

17.8 

17.0 

16.6 

16. 2 

15.8 

15.7 


July. 

12.0 
12.0 
12.0 
11.9 
11.7 
11.6 
11.5 
11.4 
11.2 
11.0 
11.0 
10.8 
10.7 
10.6 
10.5 


AUjp. 

9.9 
9.8 
9.8 
9.7 
9.7 
9.6 
9.4 
9.4 
9.3 
9.3 
9.3 
9.3 
9.2 
9.1 
9.0 


8ept. 

Oct 

8.4 

13.1 

8.4 

12.6 

8.4 

12.3 

8.8 

12.0 

8.2 

11.9 

8.2 

11.9 

8.2 

11.8 

8.7 

11.8 

9.9 

11.7 

11.6 

11.6 

11.8 

11.5 

11.1 

11.4 

10.4 

11.3 

Nov. 


10.0 


11.1 
11.0 


10.9 
10.9 
11.0 
11.0 
11.0 
11.0 
10.9 
10.8 
10.7 
10.6 
10.5 
10.6 
11.5 
12.0 


11.8 
11.5 
11.2 
11.1 
11.0 
10.9 
10.8 
10.9 
10.5 
12.7 
13.2 
12.8 
12.3 
12.0 
18.6 


Daily  turhidily  record  of  Sacramento  Jiiver  at  SacramentOj  Cal.,for  1904- 

[Observer,  J.  C.  Pieraon.] 


1 

Day. 

Jan. 

Feb. 

Mar. 
250 

Apr. 

May. 

95 

June. 

July. 

Aug. 
40 

Sept. 

Oct. 
90 

Nov. 
70 

Dec. 

1 

85 

20O 

75 

60 

50 

150 

2 

100 
85 

250 
300 

150 
150 

90 
90 

85 
75 

en 

70 

45 
35 

45 
50 

80 
65 

100 
60 

160 

3 

....... 

180 

4 

110 

1 

300 

120 

80 

90 

65 

40 

55 

85 

75 

140 

5 

160 
400 
180 
180 
100 
110 

200 
250 
200 
150 
150 
300 

ISO 
130 
200 
200 
200 
180 

80 
95 
110 
100 
110 
110 

85 
75 
85 
80 
80 
75 

75 
75 
70 
70 
65 
60 

35 
30 
45 
40 
40 
50 

55 
60 
55 
50 
45 
50 

65 
75 
65 
65 
150 
250 

55. 
60 
75 
70 
65 
70 

110 

6 

80 

7 i 

65 

«.         

65 

1 

9 

45 

10 

160 

75 

11 

170 

75 

300 

160 

120 

75 

55 

45 

50 

200 

70 

75 

12 , 

180 

360 

800 

100 

100 

80 

55 

56 

50 

400 

65 

75 

13 

250 

600 

250 

100 

100 

75 

55 

40 

50 

200 

70 

56 

14 

90 

400 

20O 

110 

100 

75 

55 

55 

65 

200 

75 

60 

15     

100 
100 

160 
700 

250 
260 

100 
110 

100 
90 

75 
70 

55 
60 

65 
65 

50 
40 

140 
110 

75 
50 

70 

•*-' 

16 

100 

17 

100 

400 

150 

120 

90 

70 

50 

60 

45 

90 

180 

110 

18 

110 

250 

300 

130 

90 

75 

50 

65 

45 

85 

100 

90 

19 

200 

180 

250 

100 

100 

70 

40 

60 

40 

200 

65 

80 

20 

130 

160 

800 

130 

110 

70 

40 

60 

40 

140 

60 

80 

21 

110 

300 

250 

130 

110 

75 

60 

60 

40 

90 

65 

60 

22 

120 

800 

250 

100 

100 

60 

40 

60 

40 

55 

70 

60 

•23 

100 

1,000 

250 

95 

100 

65 

45 

65 

55 

60 

1*20 

80 

21 

100 
100 
100 
100 

450 
600 
600 
450 

200 
180 
160 
250 

95 
100 
100 
110 

90 

85 

100 

95 

65 
60 
60 
60 

45 
40 
45 
45 

60 
50 
55 
55 

85 
150 
150 
250 

60 
60 
60 

100 
80 
70 
75 

100 

25 

80 

26 

200 

27 

160 

28 

100 
100 

360 
250 

200 
300 

100 
100 

95 
90 

60 
65 

50 
40 

55 
60 

100 
160 

60 
55 

80 
110 

200 

29 

110 

30 

96 
90 

250 
250 

90 

85 
85 

65 

40 
40 

60 
60 

140 

60 
60 

110 

200 

31 

1,500 
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STREAM   MEASURKMENTS   IN   1904,  PART    XI. 


[NO.  134. 


MOKELUMNE   RTYER  AT  ELEGTRA,  GAL. 

• 

This  station  was  established  January  1, 1900,  by  Burr  Bassell.  It  is 
located  3  miles  above  the  wagon  bridge,  on  the  Mokelunine  Hill  and 
Jackson  road.  It  is  one-half  mile  below  the  Standard  Electric  Com- 
jMiny's  power  house  and  the  post-office  at  Electra,  Cal.  The  gage  is  a 
large  inclined  timber  bolted  to  a  tree  on  the  left  bank.  It  is  read 
twice  each  day  by  H.  F.  Vogt.  Discharge  measurements  are  made  by 
means  of  a  cable  and  car  200  feet  below  the  gage.  The  initial  point 
for  soundings  is  the  anchor  sheave  to  which  the  cable  is  fastened  on 
the  right  bank.  The  channel  is  straight  for  300  feet  above  and  for 
900  feet  below  the  station.  The  current  is  swift  at  all  stages,  but 
there  are  cross  currents  at  extreme  low  water.  Both  banks  are  high 
and  are  not  liable  to  overflow.  The  lower  part  of  the  right  bank  is 
composed  of  hard  gravel.  The  upper  part  of  the  right  bank  and  the 
entire  left  bank  are  composed  of  solid  rock.  The  l)ed  of  the  stream 
is  composed  of  rock  and  gravel  and  is  fairly  permanent. 

The  observations  at  this  station  during  1904  have  been  made  under  the 
direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  measwremenlB  of  Mokelumne  River  at  Electra,  CaL,  in  1904* 


Date. 


Januarys... 
February  24 
February  24 
February  26 
February  27 
February  28 

June  10 

July  19 

August  16  . . 


Hydrof^rapher. 


S.  G.  Bennett 

W.  B.Newhall 

do 

do 

do 

do 

O.  W.  Peterson : 

do 

W.  B.  Clapp  and  O.  W.  Peterson 


Gage 
height 


4.25 
12.00 
12.70 
8.65 
8.95 
8.30  I 
8.15  I 
4.75  I 
4.15  ' 


Discharge. 

Second-feel. 

176 

17,300 

19,000 

4,663 

6,742 

4,029 

4,460 

500 

96 


CLAPP.) 


BAN    FBANCIBOO   BAY    BBAINAGE    BASIN. 
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Mean  daily  gaffe  height^  in/eel^  of  Mokdumne  River  at  Eledra,  Cb/.,  for  1904> 


Day. 

■ 

Jan. 

1 

2 

4.35 
4.  SO 

3 

4.46 

4 

4.56 

5    

4.20 

6 

4.10 

7 

4.15 

P 

4.20 

9 

'    4  10 

10 

4.20 

11 

12 

4.20 
4.20 

13 

4.15 

M 

4.15 

15 

4.15 

16 

4.20 

17 

4.16 

W 

19 

4. 20 
4.10 

30 

4.70 

21 

4.50 

22 

4.45 

25 

4.S5 

24 

4.ao 

25 

4.25 

2S 

4.20 

27 

4.26 

TH 

29 

4.20 
4.25 

30 

4.20 

SI 

4.15 

Feb. 

S.90 
8.90 
4.00 
8.90 
4.90 
4.85 
6.00 
4.46 
4.40 
4.45 
4.35 
6.56 
6.25 
4.55 
C45  \ 
8.46 
6.76 
6.96 
5.70 
5.60 
5.90 
6.60 
9.80 
9.56 
11.45 
9.45 
9.80 
8.00 
7.60 


Mar. 


7.00 
7.10 
7.46 
7.86 
8.00 
6.80 
7.25 
8.85 
7.80 
8.86 
7.80 
7.26 
7.05 
6.90 
7.05 
6.95 
7.65 
8.86 
9.96 
10.50 
9.10 
8.26 
8.20 
7.95 
7.56 
7.36 
7.86 
8.35 
9.90 
8.60 
7.95 


Apr. 


7.70 
7.66 
7.20 
7.00 
7.30 
7.25 
7.50 
7.40 
7.90 
8.05 
8.50 
8.30 
9.00 
9.20 
9.36 
8.00 
7.60 
7.80 
8.60 
7.80 
7.40 
7.66 
7.06 
6.90 
7.30 
7.76 
7.16 
7.00 
6.96 
7.06 


May. 


7.06 
7.00 
7.06 
7.4b 
7.96 
7.96 
8.70 
8.70 
9.10 
9.50 
9.70 
9.90 
9.90 
9.40 
9.40 
9.15 
9.15 
9.20 
8.80 
8.20 
8.75 
9.50 
9.60 
9.50 
9.40 
7.85 
7.86 
8.26 
8.40 
8.45 
8.26 


June. 


7.90 
8.00 
8.75 
8.60 
8.70 
8.80 
8.86 
7.80 
7.90 
7.96 
7.90 
7.96 
8.00 
8.06 
7.90 
7.75 
7.60 
7.56 
7.20 
8.80 
7.50 
7.20 
7.00 
6.85 
6.60 
6.60 
6.45 
6.20 
6.30 
6.30 


July. 


6.26 
6.00 
6.95 
6.70 
6.60 
6.60 
5.90 
5"  70 
5.50 
5.60 
5.26 
6.10 
6.10 
4.95 
4.86 
4.76 
4.60 
4.35 
4.50 
4.60 
4.66 
6.00 
4.60 
4.60 
4.60 
4.45 
4.40 
4.40 
4.20 
4.06 
4.30 


Aug. 


4.26 
4.20 
4.85 
4.80 
4.40 
4.55 
4.20 
4.80 
4.25 
4.35 
4.30 
4.35 
3.95 
3.95 
3.96 
4.10 
3.96 
4.00 
4.10 
4.00 
4.06 
4.16 
4.10 
4.10 
4.16 
4.06 
4.15 
4.10 
4.05 
4.30 
4.15 


Sept. 


4.26 
4.80 
4.80 
4.15 
4.20 
4.15 
4.05 
4.15 
4.15 
4.16 
4.20 
4.15 
4.06 
4.20 
4.10 
4.25 
4.26 
4.20 
4.20 
4.05 
4.15 
4.15 
4.35 
4.56 
4.70 
5.20 
4.6U 
4.26 
4.10 
4.15 


Oct. 

Not. 
4.60 

Dec., 

4.26 

4.60 

4.56 

4.66 

4.60 

4.46 

4.60 

4.45 

4.85 

4.40 

4.40 

4.80 

4.20 

4.26 

4.26 

4.15 

4.26 

5.40 

4.10 

4.36 

6.66 

4.15 

4.30 

5.66 

4.10 

4.46 

5.65 

4.25 

4.40 

8.86 

4.20 

4.35 

6.75 

4.20 

4.26 

6.06 

4.20 

4.16 

6.70 

4.20 

4.20 

6.30 

4.20 

4.80 

5.15 

4.10 

4.35 

5.10 

4.30 

4.86 

4.95 

4.15 

4.26 

4.80 

4.36 

4.25 

4.50 

4.20 

4.35 

4.86 

4.25 

4.86 

4.25 

4.26 

4.35 

4.56 

4.30 

4.40 

6.06 

4.30 

4.50 

4.76 

4.40 

4.70 

4.96 

4.40 

4.45 

4.75 

4.60 

4.65 

4.60 

4.85 

4.60 

4.60 

4.46 

4.56 

4.00 

4.46 

5.80 

4.56 

6.36 

Ralmg  tabUfor  Mokelumne  River  at  Eledraf  OoZ.,  from  January  1  to  December  SI,  1904. 


Gife 
hei^t 


Ad. 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 
5.10 
5.20 
5.30 
5.40 


01acliaigo. 


Seeondrfeet. 
25 
70 
120 
180 
240 
310 
380 
460 
540 
620 
700 
780 
860 
940 
1,020 


Gave 
keight. 


heigl 


/fed. 
5.50 
5.60 
5.70 
5.80 
5.90 
6.00 
6.10 
6.20 
6.30 
6.40 
6.50 
6.60 
6.70 
6.80 
6.90 


Discharge. 


Seeond-fteL 
1,100 
1,200 
1,300 
1,400 
1,500 
1,600 
1,700 
1,800 
1,900 
2,000 
2,100 
2,230 
2,360 
2,490 
2,620 


Gage 
height. 

Discharge. 
Second-feel. 

Ga^e 
height. 

Discharge. 

Feet. 

Feet. 

Second-feet 

7.00 

2,750 

9.00 

5,900 

7.10 

2,880 

9.20 

6,300 

7.20 

3,010 

9.40 

6,700 

7.30 

3,140 

9.60 

7,140 

7.40 

3,270 

9.80 

7,620 

7.50 

3,400 

10.00 

8,100 

7.60 

3,550 

10.20 

8,660 

7.70 

3,700 

10.40 

9,220 

7.80 

3,850 

10.60 

9,840 

7.90- 

4,000 

10.80 

10,520 

8.00 

4,150 

11.00 

11,200 

8.20 

4,490 

11.50 

13,200 

8.40 

4,830 

12.00 

15,600 

8.60 

5,180 

12.50 

18,600 

8.80 

5,540 

1 

13.00 

22,200 
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EsLimcUed  monilhy  discharge  of  Mohelumne  River  at  EUctra,  Cal.,  for  1904. 

[Drainage  area,  537  square  miles.]  * 


Month. 


Diachargre  In  second-feet. 


January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Maximum. 

Minimum. 

460 

95 

13,000 

5 

9,500 

2,490 

6,600 

2,620 

7,860 

2,750 

5,450 

1,800 

1,850 

42 

345 

15 

860 

42 

5,630 

150 

580 

70 

1,950 

95 

13,000 

5 

157 

2,491 

4,170 

3,780 

5,411 

3,607 

722 

111 

165 

827 

189 

315 


Run-off. 


Total  in 
acre-feet. 


1,829 


9,654 

143, 284 

256,403 

224,926 

332,  709 

214, 631 

44,394 

6,825 

9,818 

50,850 

11,246 

19,369 


1, 324, 109 


Second-feet 

per  square 

mile. 


0.29 

4.64 

i.  it 

7.04 

10.08 

6.72 

1.34 

.21 

.31 

1.54  : 

.35 

.59  I 


3.41 


Depth  in 
inches 


0.33 

5.00 

8.96 

7. 85 

11.62 

7.50 

1.54 

.24 

.35 

1.78 

.39 

.68 

46.24 


MOKELUMNE   RIVER  NEAR  CLEMENTS,  CAL. 

This  station  was  established  by  O.  W.  Peterson  on  October  28, 1904. 
It  is  located  at  the  bridge  1  mile  north  of  Clements.  The  gage  is  made 
of  3  by  8  inch  timber,  painted  white  and  graduated  to  feet  and  tenths. 
One  section  is  a  sloping  gage  and  is  nailed  to  posts  driven  in  the  gromid 
on  the  right  bank.  The  other  section  is  nailed  to  a  pile  near  the  slop- 
ing rod.  The  gage  is  read  twice  each  day,  except  in  times  of  low 
water,  by  Allen  Gaskill,  the  observer.  Discharge  measurements  are 
made  from  the  downstream  side  of  the  bridge.  The  right  end  of  the 
bridge  is  the  initial  point  for  soundings.  The  channel  is  straight  for 
160  feet  above  and  500  feet  below  the  station.  At  ordinary  stages  the 
velocity  is  moderate.  Neither  bank  is  subject  to  overflow,  but  for 
gage  heights  above  15  feet  the  river  spreads  over  a  terrace  on  the  left 
side  for  200  feet.  The  bed  of  the  stream  is  composed  of  gravel  and 
silt  and  is  subject  to  slight  changes.  Ordinarily  the  width  of  the  river 
is  about  100  feet.  The  head  of  a  bolt  driven  in  a  pile  to  which  the 
upper  section  of  the  gage  is  fastened  is  the  bench  mark.  Its  elevation 
is  9.60  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 
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Discharge  measurements  of  Mokelumne  River  near  Cleinents,  Cat.,  in  1904. 


Date. 


HydPOfrrapher. 


helglft.   I   Discharge. 


August  17... 
October  27.. 
November  4. 


O.  W.  Peterson  and  W.  B.  Clapp. 

O.  W.  Peterson 

do 


Feet,      I  Second-Jett. 

I  109 

4.  30  I  334 


4.10 


280 


Mean  daily  gage  height,  infeety  of  Mokelumne  Rirer  near  Clement*,  CaL,  for  1904. 


Day, 


Oct. 


Nov. 


Deo. 


Day. 


()pt. 


Nov, 


Dee. 


3. 


8. 

9. 
10. 
11, 
12. 
13. 
14. 
15. 
16. 


4.40 

4.15 

4.25 

4.75 

4.50 

4.15 

4.20 

4.05 

4.10 

3.95 

4.10 

4.00 

4.15 

3.90 

4.20 

3.80 

3.95 

4.00 

3.95 

4.10 

3.85 

3.90 

3.90 

3.85 

3.80 

3.90 

3.85 

3.85 

3.95 

3.80 

4.00 

3.85 

• 

•17 

1  18 , 

1       

:  19 

20 

21 

22 

23 

I 
24 

25 

1  —V ........... 

I  26 

27 

28... 

4.30 

29 

4.35 

30 

4.25 

,  31 

4.60 

1 
1 

•4.05 

3.90 

3.95 

3.90 

4.a5 

3.90 

4.00 

3.80 

3.90 

3.90 

3. 95 

3.90 

3.95 

3.90 

3.85 

4.00 

3.80 

4.70 

3.85 

4.20 

3.95 

4.00 

3.95 

4.10 

4.40 

3.90 

4.20 

4.10 

6.65 

STANISLAUS   RIVER  AT  KNIGHTS   FERRY,  CAL. 

This  station  was  established  May  19,  1903,  by  W.  H.  Stearns.  The 
station  is  located  ^200  feet  from  the  post-office  at  Knights  Ferry. 
There  is  an  island  800  feet  above  the  gaging  station  and  a  dam  on  each 
channel  at  the  head  of  the  island.  The  Stanislaus  Milling  and  Power 
Company's  power  house  is  on  the  right  bank  of  the  river  below  one  of 
these  dams  and  about  1,000  feet  above  the  gaging  station.  Ordinary 
and  low  water  stages  are  read  on  a  2-inch  iron  pipe  driven  into  the 
bed  of  the  stream.  For  high  stages  the  gage  is  a  1  by  6  inch  plank 
nailed  to  a  6  by  6  inch  post  on  the  right  bank  of  the  river.  The  girnl- 
uations  on  both  gages  are  to  feet  and  tenths.  The  gage  height  is  read 
twice  each  day  by  J.  T.  Cannon.  Discharge  measurementn  are  made 
from  a  car  suspended  from  a  f -inch  galvanized-iron  cable.  Al>ove 
and  parallel  with  the  main  cable  is  another  smaller  one,  from  which  a 
stay  line  can  be  run  to  the  meter  to  hold  it,  in  flood  measurements. 


152 


STREAM    MEASUREMENTS   IN   1904,  PART   XI. 


[no.  1S4. 


against  the  swift  current.  The  initial  point  for  soundings  is  the  eye- 
bolt,  to  which  the  cable  is  fastened  on  the  right  bank.  The  channel 
is  straight  for  500  feet  above  and  below  the  cable.  At  ordinary  and 
high  stages  the  stream  has  a  fall  of  0.47  foot  in  the  500  feet  above  the 
cable,  and  of  0.68  foot  in  the  500  feet  below.  Both  banks  are  com- 
posed of  cemented  gravel  and  are.  high.  The  left  bank  is  not  subject 
to  ovei*flow.  In  extreme  floods  the  right  bank  has  been  known  to  be 
overflowed,  flooding  the  yards  and  houses  next  the  river.  The  bed  is 
of  gravel  and  is  subject  to  some  change  from  the  addition  of  material 
which  is  washed  down  from  the  island  above.  The  bench  mark  is  a 
spike  driven  into  a  6  b}'^  6  inch  redwood  post  near  the  upper  section 
of  the  gage.     Its  elevation  is  12.00  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographei's. 

Discharge  meamrements  of  Stanislaus  River  at  Knights  Ferry,  Ch/.,  in  1904. 


Date. 


January  20  . . . 
February  14  . . 
February  16  . . 
February  28  . . 

March  1 

March  15 

March  21 

March  27 

April  17 

Mays 

May  22 

May29 

June  19 

June  29 

July9 

July  11 

Julv22 

Augusts 

August  24 

August  28 

September  11  . 
September  29  . 
October  23..^. 
November  6  . . 
November  27  . 


Hydrographer. 


F.  W.  Huber 

J.  T.  Cannon 

do 

do 

do 

do 

do 

S.  G.  Bennett  and  W.  B.  Clapp  .. 

J.  T.  Cannon 

do 

do 

do 

do 

do 

do 

do 

0.  W.  Peterson  and  J.  T.  Cannon 
J.  T.  Cannon  and  John  McC^rath . 

O.  W.Peterson 

John  McGrath 

do 

do 

do 

do 

do 


.      •      B      •      • 


Ctiu[e 
height. 


tYtt. 

6.()0 

8.00 

13.00 

11.45 

10.00 

9.50 

12.00 

10.45 

10.80 

11.55 

12. 25 

11.20 

10.00 

9.00 

8.70 

8.10 

7.50 

6.90 

6.30 

6.45 

6.00 

6.85 

7.50 

7.25 

6.80 


Discharge. 


See&nd-fert, 

345 

1,52« 

14, 314 

8,687 

4,017 

2,983 

9,330 

4,327 

5,091 

7,608 

8,  754 

6,  215 

3,8:^2 

2,408 

1,832 

1,291 

798 

382 

84 

210 

74 

330 

744 

445 

292 

rijipp.) 
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Mean  daily  gage  height,  in  feet,  ofSkmislaua  River  at  Knights  Ferry ,  Cat.,  for  J  904. 


DtLJ. 


1. 

2. 

o. 

4. 

6. 

6. 

7. 

8. 

9. 
lU. 
11. 
11. 
13. 
14. 
15. 
16. 
17. 
IS. 
19. 
20. 
21. 
'J2. 
23. 
-M. 
25. 
36. 


4>f . 


2H. 
29. 
30. 
31. 


6.40 
6.40 
6.40 
6.40 
6.15 
6.40 
6.30 
6.35 
6.30 
6.30 
6.35 
6.40 
6.40 
6.40 
6.50 
6.45 
6.40 
6.50 
6.55 
6.55 
6.50 
6.40 
6.60 
6.60 
6.60 
6.55 
6.50 
6.50 
6.50 
6.50 
6.50 


Feb. 

Mar. 

Apr. 
10.60 

May. 
10.10 

June. 

July. 

Aug. 

6.50 

9.95 

10.95 

8.90 

7.15 

6.45 

9.65 

10.45 

9.86 

10.85 

8.70 

7.05 

6.40 

9.80 

10.30 

9.90 

11.75 

8.65 

7.00 

6.45 

9.80 

10.30 

10.46 

11.20 

8.66 

7.10 

7.00 

9.75 

10. 1& 

10.90 

(11.25) 

8.95 

7.20 

6.66 

9.70 

10.15 

11.65 

11.86 

8.60 

7.16 

7.20 

9.75 

10.40 

12.10 

11.20 

8.50 

7.15 

7.10 

10.30 

10.60 

11.75     11.05 

8.40 

7.10 

7.00 

10.00 

ia96 

12.15     10.60 

8.35 

6.95 

6.85 

10.55 

11.30 

12.50 

10.66 

8.10 

6.85 

6.80 

10.40 

11.50 

12.40 

11.16 

8.06 

6.80 

9.75 

10.00 

11.76 

12.90 

11.70 

8.05 

6.75 

9.00 

(9.70) 

12.05 

12.80 

10.50 

8.00 

6.65 

8.00 

9.45 

12.30 

13.10 

10.40 

7.85 

6.60 

7.70 

9.60 

11.90 

12.80 

10.35 

7.65 

6.60 

12.80 

9.46 

11.15 

12.65 

10.30 

7.70 

7.00 

9.40 

9.96 

10.75 

12.70 

10.15 

(7. 70) 

6.85 

8.60 

10.85 

10.80 

12.60 

10.00 

7.66 

6.70 

8.25 

11.85 

11.60 

11.66 

10.00 

7.70 

6.60 

8.00 

15.45 

10.65 

11.45 

9.75 

7.65 

6.60 

8.10 

12.90 

10.20 

12.00 

9.85 

7.65 

6.60 

8.85 

11.60 

10.20 

12.70 

9.90 

7.66 

6.45 

12.20 

11.50 

10.00 

13.20 

9.86 

7.60 

6.40 

15.10 

11.75 

9.70 

13.10 

9.60 

(7.60) 

6.36 

14.25 

11.25 

9.95 

12.95 

9.25 

(7.45) 

6.45 

11.60 

10.40 

10.86 

11.86 

(8. 76) 

(7.40) 

6.45 

14.05 

10.40 

10.06 

11.80 

8.25 

(7.35) 

6.50 

11.20 

10.45 

9.90 

11.10 

8.50 

(7.30) 

6.50 

10.36 

12.70 

9.80 

11.40 

9.00 

(7.25) 

6.40 

11.50 

10.05 

11.25 

8.85 

(7.20) 

6.80 

11.15 

11.15 

7.15 

6.35 

Sept. 

6.20 
6.20 
6.15 
6.16 
6.10 
6.10 
6.10 
6.15 
6.10 
6.10 
6.06 
6.00 
6.00 
6.00 
6.00 
6.00 
6.05 
6.10 
6.05 
6.10 
6.05 
6.00 
6.15 
6.80 
7.25 
7.36 
7.20 
6.90 
6.85 
7.05 


Oct. 

7.15 
7.80 
7.30 
7.10 
7.05 
7.10 
8.15 
8.  HO 
8.35 
8.35 
10.35 
9.25 
8.70 
8.40 
8.10 
8.00 
7.75 
7.65 
7.55 
7.50 
7.56 
7.50 
7.56 
7.46 
7.40 
7.35 
7.35 
7.36 
7.30 
7.30 
7.20 


7.20 
7.20 
7.16 
7.10 
7.10 
7.06 
7.00 
7.00 
7.00 
6.95 
6.90 
6.90 
6.90 
6.86 
6.80 
6.80 
6.85 
6.80 
6.90 
6.90 
6.90 
6.85 
6.80 
6.80 
6.76 
6.70 
6.80 
6.80 
7.15 
7.05 


7.00 
7.10 
7.10 
7.06 
6.96 
6.90 
6.90 
6.90 
6.96 
6.90 
6.85 
6.90 
6.90 
6.90 
6.90 
6.90 
6.90 
6.85 
6.80 
6.80 
6.80 
6.80 
6.80 
7.00 
7.20 
7.10 
6.90 
6.90 
6.90 
6.90 
8.25 


Nf/TK.— Gage  heights  in  parenthesis  are  estimated. 
Rating  labie  for  Stanislaus  River  at  Knights  Ferry ^  CaL ,  from  Janttary  1  to  December  31^  1904. 


height. 

Discharge. 

Gage 
height. 

Discharge. 

height. 
Feet. 

Dischaige. 
Second-feet. 

Gage 
height. 

Discharge. 

Fed. 

Second-fed. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

6.00 

60 

7.60 

890 

9.10 

2,440 

11.20 

6,330 

6.10 

70 

7.70 

980 

9.20 

2,560 

11.40 

6,990 

6.20 

80 

7.80 

1,070 

9.30 

2,680 

11.60 

7,700 

6.30 

95 

7.90 

1,160 

i       9.40 

2,800 

11.80 

8,500 

6.40 

125 

8.00 

1,250 

9.50 

2,960 

12.00 

9,300 

6.50 

160 

8.10 

1,340 

9.60 

3,100 

12.20 

10,200 

6.60 

200 

8.20 

1,440 

9.70 

3,250 

12.40 

11,200 

6.70 

245 

8.30 

1,540 

9.80 

3,400 

12.60 

12,200 

6.80 

295 

!      8.40 

1,640 

9.90 

3,550 

12.80 

13,250 

6.90 

350 

8.50 

1,740 

10.00 

3,700 

13.00 

14,400 

;       7.00 

410 

8.60 

1,840 

10.20 

4,040 

13.50 

17,400 

7.10 

480 

8.70 

1,'960 

10.40 

4,400 

14.00 

20,400 

7.20 

550 

8.80 

2,080 

10.60 

4,800 

14.50 

23,400 

7.30 

630 

8.90 

2,200 

10.80 

5,230 

15.00 

26,900 

7.40 

710 

9.00 

2,320 

11.00 

5,730 

,     15.50 

30,400 

j      7.50 

800 

1 
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STREAM   MEASUREMENTS    li^   1904,  PART   Xt. 


[NO.  134. 


EHimated  monthly  discharge  of  Stanislatis  River  at  Knights  Ferry ^  Cal,^  including  Stan- 
islaus Water  Company*  s  ditch  and  ScheU  ditch,  ^  for  1904^ 

[Drainage  area,  935  square  miles.] 


Month. 


January  . . . 
February . . 

March 

April 

May 

June 

July 

August 

September 
Octol>er  .. 
November , 
December 


Discbarge  in  second-feet. 


Maximum. 


257 

27, 692 

30, 152 

10,807 

15,712 

8,418 

2, 340 

630 

770 

4,370 

613 

1.540 


The  year 


30, 152 


Minimum. 

132 

217 

2,977 

3,  357 

3,587 

1,611 

624 

201 

145 

545 

276 

317 


132 


Mean. 


199 

4,712 

6,140 

5,389 

9, 547 

4, 558 

1,295 

372 

261 

1,174 

412 

436 


2,875 


Total  in 
acre-feet 


Run-off. 


12, 236 

271, 037 

377, 534 

320, 668 

587, 022 

271,220 

79, 626 

22, 873 

15, 531 

72,186 

24,516 

26,809 


Second-feet  i  t%     *i-  • 
per  square     ^fPiJlJ" 


2,  081,  258 


0.21 
5.04 
6.57 
5.76 
10.21 
4.88  _ 
1.39  , 
.40  I 
.28  I 
1.26 
.44 
.47 

3.08  I 


0.24 

5.44 

7.  57 

6.43 

11.77 

5.44 

l.tiO 

.46 

.31 

1.45 

.49 

.54 


41.74 


<i  Mean  daily  flow  of  Schell  ditch  estimated  at  7  second-feet. 
STANISLAUS   WATER  COMPANY'S   DITCH    AT   KNIGHTS   FERRY,  CAL. 

This  station  was  established  June  11,  1904,  by  S.  G.  Bennett 
Measurements  are  made  below  the  point  where  Schell  ditch  takes  out 
water.  The  station  is  located  about  a  mile  below  the  Stanislaus 
Milling  and  Power  Compan}- 's  power  house  and  about  200  feet  below 
the  place  where  it  passes  under  Schell  ditch  flume.  The  gage  is  painted 
white  and  is  graduated  to  feet  and  tenths.  It  is  fastened  to  the  up- 
stream side  of  a  small  bridge  and  is  read  once  each  day  b}-  E.  J.  Coop. 
A  meter  measurement  on  Schell  ditch  200  feet  below  its  intake  gave  a 
discharge  of  about  7  secorid-fcet,  which  is  said  to  be  its  usual  flow. 
In  computing  the  estimated  monthly  discharge  of  SUinislaus  River 
for  1904,  a  mean  daiU'  discharge  of  7  second-feet  has  been  used  as  the 
capacity  of  Schell  ditch. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  h3'drographers. 


CLAPP.} 


SAN   FRANCISCO   BAT   BfiAINAGE   BASIN. 
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Discharge  meaawremenU  of  SUtnuUtus  WdUr  Oompany's  ditch  at  Knights  Ferry y  Cat.,  in 

1904, 


Date. 


Hydro^rapher. 


Julv22 O.  W.  Peterson 

August  24 do 

August  24 do 

August  24 do 

August  24 do 

August  24 do 


Oa«e 
hefibt. 

Dischan^e. 

Ftet. 

Sreond'/eet, 

3.46 

105 

3.25 

91 

2.95 

77 

2.80 

68 

2.'^ 

45 

2.20 

38 

Mean  daily  gage  height^  in  feet^  of  Stanislaus  Water  Company* 9  ditch  helotv  Schell  ditch 

intake,  at  Knights  Ferry,  Col.,  for  1904. 


Day. 


June. 


I. 

2. 
3. 
4. 
5. 
6. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
1». 
19. 
20. 
•21. 
22 
23. 
24. 
25. 
•26. 
•27. 
2^. 
'29. 
». 
31. 


July.   I  Aug. 


3.45 

3.50 

3.60 

3.50 

3.50 

8.50 

3.65 

3.60 

3.60 

3.60  I 

3.60 

3.55 

3.60 

3.60 

3.30 

3.60 

3.60 

3.55 

3.50 

3.45 


3.45 
2.75 
1.50 
1.70 
2.90 
3.25 
3.45 
3.60 
3.45 
8.55 
3.45 
3.45 
3.30 
3.25 
8.35 
3.30 
3.30 
3.50 
3.50 
3.50 
3.50 
3.50 
3.40 
3.20 
3.40 
3.45 
3.55 
3.50 
3.50 
3.45 
3.40 


3.50 
3.45 
3.40 
3.35 
.00 
.00 
.00 
.00 
3.10 
3.35 
3.40 
3.35 
3.35 
3.40 
3.35 
3.30 
3.30 
3.35 
3.35 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.80 
3.40 
3.10 
3.30 
3.35 
3.35 


I 


Sept 

3.40 
3.35 
3.30 
3.35 
3.30 
3.30 
3.30 
3.20 
3.10 
3.10 
3.25 
3.20 
3.20 
3.00 
8.10 
3.00 
3.40 
3.50 
3.40 
8.40 
3.30 
3.45 
3.35 
3.40 
3. 40 
3.25 
3.10 
2.95 
3.30 
3.30 


on. 

3.30 

8.35 

3.30 

3.$> 

8.25  ; 

2.90 

2.95 

2.70 

2.95 

2.95 

2.60 

2.60 

2.60 

2.45 

2. 25 

2.30 

2.20 

2.20 

2.10 

2.  :i5 

2.30 

2. 2fi 

2. 45 

2.  55 

2.40 

2.45 

2.50 

2.45 

2.40 

2.50 

2.50 


Nov 


2.55 

2.40 

2.40 

2. '25 

2.20 

2.25 

2.15 

2.20 

2.00 

2.00 

2.00 

1.90 

1.95 

1.90 

1.85 

1.90 

2.10 

2.10 

1.95 

2.15 

1.95 

1.90 

1.85 

2.00 

1.90  j 

1.90  I 

2.10  \ 

1.75  ' 

2. 10  ' 

1.70 


Dec. 


1.90 
2.00 
1.90 
1.90 
1.80 
2.20 
2.00 
2.15 
2.10 
2.10 
2.15 
1.80 
2.80 
1.85 
1.80 
1.90 
1.75 
2.00 
1.85 
1.65 
1.60 
1.70 
1.90 
1.50 
2.00 
1.60 
1.65 
1.80 
1.90 
1.75 
2.:«) 


I 
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STREAM   MEASUREMENTS   IN   1904,  PART   XI. 


[NO.  1S4. 


Rating  table  for  Stanislaus  Water  Company's  ditek  below  Schell  dilch  intake^  at  Knights 

Ferry i  QU.,  from  January  1  to  December  SI,  1904, 


Gage 
height. 

Discharge. 

Second-feet. 

1.50 

12 

1.60 

15 

1.70 

18 

1.80 

21 

1.90 

24 

2.00 

28 

Gage 
i'    height. 

■1 

Discharge. 

Gage 
height. 

1 
Discharge. 

1 

Gage 
height 

Dimshtage, 

1 

Second-feet,  ' 

Feet. 

Secondrfeet. 

Feet. 

Seeond-feet. 

2.10 

33 

2.70 

63 

3.20 

90 

2.20 

38 

2.80 

68 

3.30 

96 

2.30 

43  ; 

2.90 

73 

3.40 

102 

2.40 

48 

3.09 

78 

3.50 

108     ' 

2.50 

53 

3.10 

84 

3.60 

114 

2.60 

58 

Monthly  estimates  of  flow  included  in  those  for  Stanislaus  River  given  on  page  154. 


TUOLUMNE   RIVER  AT  LAGRANGE,    CAL. 

This  station  was  established  August  29,  1895,  by  J.  B.  Lippincott. 
It  is  located  at  the  wagon  bridge  in  the  town  of  Lagrange,  Cal.  It  is 
below  the  high  dam  of  the  Turlock  and  Modesto  irrigation  districts,  and 
also  below  the  head  of  the  canal  of  the  Lagrange  Ditch  and  Hydraulic 
Mining  Company,  which  diverts  water  from  the  left  bank  of  the  river 
15  miles  above  the  Lagrange  dam.  During  1903  this  canal  was  being 
repaired  and  for  the  greater  part  of  the  year  carried  no  water;  for  the 
remainder  of  the  year  it  carried  only  enough  water  to  keep  the  flumes 
wet.  The  gage  is  a  vertical  timber  fastened  to  the  right  abutment 
It  is  read  twice  each  day  by  Miss  Annie  P.  McGinn.  Discharge  meas- 
urements are  made  from  the  bridge  to  which  the  gage  is  attached.  The 
initial  point  for  soundings  is  at  the  south  end  of  the  trestle  approach 
to  bridge,  on  the  left  bank  of  the  river. 

The  channel  is  sti-aight  for  400  feet  above  and  600  feet  below  the 
station.  It  is  broken  by  two  iron  piers  and  has  a  width  at  ordinary 
stages  of  300  feet.  During  the  season  of  low  water  all  the  water  is 
taken  out  by  the  canals  above  the  station.  The  bed  of  the  stream 
is  composed  of  gravel  and  is  fairl}'  permanent.  The  current  is  swift 
at  high  stages  and  very  sluggish  during  low  water.  The  discharge 
has  gradually  increased  each  year  for  the  same  gage  heights.  Both 
banks  are  high  and  not  subject  to  overflow. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 


CLAPP.] 


SAN   FBANOISOO   BAT    DBAINAGE   BASIN. 
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Discharge  measwremenU  of  Tuolumne  River  ai  Lagrange,  Oo/.,  for  1904. 


Date. 


January  21 . 
March  26 . . 

May9 

Jane  8 

Jaly21.... 
August  23.. 


Hydrographer. 


F.  W.  Huber 

£.  C.  Marphy,  W.  B.  Clapp,  and  8.  G.  Bennett. 

S.  G.  Bennett 

O.  W.  Pfeterson 

do 

do 


Gage 
height. 

Dischiuiffe. 

lied. 

Seeoftd-feel. 

4.15 

143 

6.90 

4,750 

8.64 

10, 631 

8.28 

9,606 

6.73 

1,  Wfo 

3.25 

4.6 

Mean  daily  gage  keigJU,  in  feet,  of  Tuolumrie  River  at  Lagrange,  Col.,  for  1904* 


Day. 

Jan. 

Feb. 

8.50 
3.50 
3.50 
3.50 
4.60 
4.10 
4.60 
4.45 
4.30 
4.20 
4.10 
5.30 
6.90 
5.70 
5.35 
9.35 
7.15 
6.35 
5.90 
5.60 
5.65 
6.25 
8.45 
8.50 
9.80 
7.80 
8.70 
7.60 
6.90 

Mar. 

• 

Apr. 

May. 

June. 

8.80 
8.00 
9.20 
8.80 
8.60 
8.95 
8.70 
8.20 
8.30 
8.45 
8.60 
8.65 
8.70 
8.60 
8.60 
8.50 
&S0 
8.20 
8.10 
8.05 
8.00 
8.00 
7.90 
7.90 
7.65 
7.35 
7.25 
7.25 
7.35 
7.25 

July. 

Aug. 

Sept. 

Oct. 

6.20 
6.50 
6.10 
6.00 
5.85 
5.90 
7.85 
7.45 
7.25 
7.10 
9.80 
8.20 
6.85 
6.50 
6.60 
5.90 
5.60 
5.50 
5.60 
5.50 
5.60 
5.50 
5.60 
5.60 
5.60 
5.60 
5.60 
5. 50 
5.50 
5.60 
5.60 

Nov. 

5.50 
5.45 
5.40 
5.35 
5.30 
5.80 
5.20 
5.15 
5.10 
5.10 
5.05 
5.00 
5.00 
5.00 
4.90 
4.90 
4.86 
4.80 
4.80 
4.80 
4.75 
4.75 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 

UGCa 

1 

4.60 
4.60 
4.45 
4.40 
4.35 
4.80 
1.S0 
4.25 
4.30 
4.25 
4.30 
4.35 
4.30 
4.20 
4.20 
4.20 
4.20 
4.40 
4.40 
4.80 
4.06 
4.10 
4.05 
4.20 
4.20 
3.90 
8.80 
3.65 
8.50 
3.60 
3.60 

6.45 
6.25 
6.20 
6.90 
6.25 
6.15 
6.30 
&60 
6.60 
7.15 
7.40 
6.80 
6.55 
6.85 
6.45 
6.40 
6.60 
7.50 
7.70 
10.30 
8.40 
7.75 
8.10 
7.60 
7.20 
6.95 
6.85 
7.30 
9.10 
8.05 
7.46 

7.15 
6.95 
6.80 
6.65 
6.60 
6.85 
7.20 
7.85 
7.35 
7.60 
7.85 
8.10 
8.85 
8.85 
7.70 
7.80 
7.40 
7.30 
8.45 
7.45 
7.10 
7.00 
6.70 
6.55 
-6.65 
6.90 
6.80 
6.60 
6.60 
6.56 

6.70 
6.65 
6.55 
6.90 
7.30 
8.10 
8.70 
8.70 
8.80 
9.00 
9.05 
9.50 
9.50 
9i65 
9.45 
9.45 
9.55 
8.45 
8.35 
8.35 
8.65 
9.60 
10.25 
10.15 
9.85 
8.70 
8.80 
8.30 
8.60 
8.70 
8.  a*) 

7.05 
6.85 
6.65 
6.60 
6.55 
6.65 
6.80 
6.60 
6.15 
6.10 
6.00 
6.00 
5.85 
5.75 
5.55 
5.45 
5.45 
5.60 
5.70 
5.85 
5.80 
5.80 
5.90 
5.90 
5.60 
5.30 
5.15 
5.00 
4.95 
4.80 
5.00 

5.00 
4.95 
4.85 
4.70 
4.50 
4.40 
4.70 
4.65 
4.30 
4.20 
3.f  ) 

3.ro 

3.25 
3.25 
8.20 
4.00 
4.70 
4.60 
4.00 
3.70 
3.25 
3.20 
3.20 
3.20 
8.20 
3.20 
8.20 
8.10 
4.00 
(4.00) 
(4.00) 

(3.60) 
(3.45) 
8.60 
3.00 
3.00 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
8.10 
3.10 
8.10 
3.10 
3.10 
3.10 
8.10 
3.10 
3.25 
5.05 
5.45 
5.85 
5.55 
5.60 
6.60 
6.10 

4.70 

2 

4.70 

s 

4.70 

4 

4.70 

5 

4,70 

6 

4.65 

7 

4.60 

8 

4.60 

9 

4.60 

10 

4.55 

11 

4.65 

12 

4.50 

13 

4.60 

H 

4.60 

15 

4.60 

16 

4.50 

17 

ai. ...... ....... 

4.60 

18 

4.45 

19 

4.45 

20 

• 

21 

22 

28 

24 

25 

4.40 
4.40 
4.35 
4.35 
4.35 
4.40 

26 

4.60 

i/ 

4.50 

28 

4.60 

29 

4.60 

90 

4.60 

81 

6.20 

NoTB.— Gace  heights  in  parenthesis  are  estimated. 
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STREAM   MEASUREMENTS   IN   1904,  PART   XI. 


[NO.  IM. 


Bating  table  for  Tuolumne  River  at  Lagrange^  OoU.,  from  January  1  to  December  SI,  1904- 


Discharge. 

Gage 
height. 

Feet. 

Second-feet. 

360 

,      5.80 

430 

;      5.90 

510 

6.00 

600 

6.10 

700 

6.20 

810 

6.30 

930 

6.40 

1,060 

6.50 

1,200 

6.60 

1,350 

6.70 

1,520 

6.80 

1,710 

6.90 

1,900 

7.00 

•  Discharge. 

Second-fed. 
2,100 
2,300 
2,500 
2,700 
2,900 
3,150 
3,400 
3,650 
3,900 
4,200 
4,500 
4,800 
5,100 


Feet. 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.50 

10.00 


Dischanpe. 

Second-feet. 

5,700 

6,300 

7,000 

7,700 

8,400 

9,100 

9,900 

10, 71X) 

11,500 

12,300 

14,300 

16,300 


I 


Estimated  morUhly  discharge  of  Tuolumne  River y  including  T\irlock  and  Modesto  canafs, 

at  Lagrange,  CcU. ,  for  J 904.  ^ 

[Drainage  area,  1,501  square  miles.] 


Month. 


January . . . 
February . . 

March 

April 

May 

June 

July 

August 

September. 
October  ... 
November . 
December  . 


Discharge  in  second-feet. 


Maximum. 


538 

15,  882 

17,665 

10,606 

17,850 

13, 858 

5,530 

1,291 

3,172 

15,855 

1,520 

2,900 


The  year 17,850 


Minimum. 

331 

311 

3,  275 

4,374 

4,405 

6,130 

1,046 

325 

97 

1,520 

510 

275 


97 


Mean. 


434 

4,127 

5,949 

6,406 

11,692 

9,576 

2, 970. 

769 

652 

3,535 

808 

463 


3,948 


ToUl  in 
acre-feet. 


26,686 

237, 388. 

365, 790 

381,183 

718,913 

569, 812 

182,618 

47,284 

38,797 

217,369 

48, 079 

28,469 


2, 862, 378 


Run-off. 


8econd-feet 

per  SQuare. 

mile. 


Depth  in 
inches. 


0.29 

2.75 

3.96 

4.27 

7.79 

6.38 

1.98 

.51 

.43 

2.36 

.54 

.31 


0.33 

2.97 

4.56 

4.76 

8.98 

7.12 

2.28 

.59 

.48 

2.72 

.60 

.36 


2. 63         35.  75 


airmail  amount  of  water  diverted  by  mining  ditch  not  included  in  this  estimate. 
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TURLOCK  CANAL  AT  LAGRANGE,  CAL. 

The  Turlock  canal,  the  property  of  the  Turlock  Irrigation  district, 
takes  water  from  the  left  bank  of  the  Tuolumne  River  at  the  Lagrange 
dam.  This  canal  was  designed  to  carry  1,500  second-feet  and  to  irri- 
gate a  large  area  of  fertile  land  in  the  vicinity  of  Turlock  and  Ceres, 
Stanislaus  County,  Cal.  During  1898  water  was  first  turned  into  the 
canal  in  small  quantities  and  used  for  puddling  the  banks.  A  record 
of  the  gage  height  has  been  kept  since  July,  1899.  Meter  measure- 
ments are. made  when  the  gaging  station  on  the  Tuolumne  River  at 
Lagrange  is  visited,  and  Morgan  flume^  or  Flume  No.  2,  has  been  rated. 
It  is  13.75  feet  in  width.     The  observer  is  J.  L.  Montgomery. 

The  obsen-ations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

D\j»charge  niffufurements  of  Turlock  canal  at  Ixxgrangey  Cal.^  in  1904. 


Date. 


January  21 

Mav  8 

May  8 

May  8 

Mav  8 

Mav  9. :. . . 

w 

June  8 

Aagnst22.. 


Hydrographer. 


F.  \V.  Huber  . . 
S.  G.  Bennett.. 

do 

do 

do 

do 

O.  W.  Peterson 
do 


height. 


Feet. 
1.30 
4.78 
3.70 
2.60 
1.98 
1.70 
5.08 
3.90 


Discharge. 


I 


Secfuid-feet. 

49 

455 

291 

153 

80 

54 

496 

338 
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Mean  daily  gage  Iieighty  in/eet^  of  Turlock  canal  at  Lagratige,  Col.  ^  for  1904- 


1. 
2. 
3. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
U. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


I  Jan. 

I 

I    0.00 

;       .00 

'      .00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

a  1.50 

1.50 

1.10 

2.00 

2.00 

2.00 

2.45 

3.25 

3.10 

3.25 

3.25 

3.15 


Feb. 

Mar. 

2.40 

4.15 

3.25 

4.15 

3.15 

4.15 

8.15 

4.25 

3.60 

4.25 

3.60 

4.25 

3.60 

110 

3.60 

b.OO 

3.30 

.00 

3.60 

.00 

8.60 

.00 

8.40 

.00 

3.80 

a. 85 

3.85 

3.10 

3.50 

3.50 

3.75 

2.05 

4.00 

6.00 

4.00 

.00 

4.00 

.00 

4.00 

.00 

4.00 

.00 

3.80 

.00 

4.00 

.00 

3.60 

.00 

3.80 

.00 

2.55 

.00 

3.20 

.00 

4.15 

.00 

4.15 

.00 

.00 

a3.00 

Apr. 

4.00 
4.30 
4.40 
4.40 
4.40 
4.45 
4.40 
4.60 
4.60 
4.60 
4.60 
4.65 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
3.80 
4.70 
4.70 
4.70 
4.70 
4.70 
4.80 
4.70 
4.75 
4.70 
4.75 
4.75 


May. 

4.75 
4.70 
4.75 
4.80 
4.80 
4.85 
4.80 
4.80 
4.70 
4.80 
4.90 
4.90 
4.95 
4.95 
4.95 
4.95 
5.00 
5.00 
4.95 
5.00 
5.00 
5.05 
5.00 
5.00 
5.00 
5.05 
5.05 
5.05 
5.05 
6.10 
5.00 


July. 


5.00 

4.95 

5.05 

5.00 

5.10 

5.10 

6.15 

5.10 

5.10 

4.00 

.90 

4.90 

6.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 


0.00 

a  2. 60 

3.60 

4.10 

4.60 

3.35 

3.90 

4.90 

4.80 

4.80 

4.85 

4.85 

3.95 

4.55 

4.60 

4.60 

4.^0 

4.85 

.80 

.80 

.80 

.80 

.40 

1.30 

2.60 

4.00 

4.05 

4.05 

4.70 

4.80 

.80 


Aiig. 


Sept.  '  Oct.      Nov.     Dec. 


0.80 

3.60 

4.a5 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 

4.15  ! 

4.10  \ 

4.10  ! 


4.60 
4.60 
4.70 
4.60 
4.50 
4.00 
3.60 
3.50 
3.45 
3.45 
3.30 
3.45 
3.45 
3.60 
3.20 


3.20 
2.60 
2.80 
2.60 
2.70 
2.60 
2.60 
2.40 
2.40 
2.30 
2.20 
2.20 
2.20 
2.20 
2.15 
2.15 
2.55 
2.55 
2.65 
2.60 
2.50 
2.30 
2.30 


4.40 
4.40 
4.40 
4.40 
4.40 
3.90 
4.40 
4.40 
4.40 
3.70 
4.00 
4.40 
4.40 
4.40 
4.40 
4.30 
4.30 
3.60 
3.30 
2.80 
6.00 
.00 
.00 


3.50 

.00 

3.20 

.00 

2.00 

.00 

4.40 

.00 

4.40 

.00 

4.40 

.00 

4.40 

.00 

.00 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00  ' 

.00  ■ 

.00 
.00 
.00 
.00 
.00 


O.Oli 
.00 
.01) 

.00 

.00 
.Ul 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.CO 
.00 

.on 
.w 
.«• 
.a 

.00 
.00 
.00 
.00 
.00 
.00 


a  Water  turned  in. 


6  Water  turned  off. 


Rating  table  for  Tiirlock  canal  at  Lagrange^  Cal.,  from  January  1  to  July  /,  1904' 

Discharge, 


Gaffe 
;iKiu. 


Second-feet. 
179 
192 
205 
218 
231 
244 
257 
270 
285 
300 
315 
330 
345 
360 


Gagre 
height. 

DisehaiKe. 

Feet. 

Second-fixt. 

4.20 

375 

4.30 

390 

4.40 

405 

4.50 

420 

4.60 

436 

4.70 

452 

4.80 

468 

4.90 

484 

5.00 

600 

5.10 

516 

5.20 

532 

5.30 

548 

5.40 

564 

5.50 

580 
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Ratinff  table  for  Turiock  canal  at  Lagrange^  Col.,  from  July  S  to  December  31  ^  1904^ 


^t.  :  I>i«h»'8re. 


hei^t 


FM. 

Setimd-j€€ 

0.40 

1 

.50 

2 

.60 

3 

.70 

4 

.80 

6 

.90 

9 

1.00 

12 

1.10 

16 

1.20 

20 

1.90 

24 

1.40 

29 

1.50 

35 

Gage 
height. 

Discharge. 

1 

Gage 
height. 

Discbarge. 

Feet. 

Second-feet. 

PeeL 

Second-feet. 

1.60 

42 

2.80 

178 

1.70 

50    , 

2.90 

192 

1.80 

58    . 

3.00 

206 

1.90 

67 

3.10 

220 

2.00 

76 

3.20 

235 

2.10 

86 

3.30 

250 

i     2.20 

97 

3.40 

265 

2.30 

109 

3.50 

280 

2.40 

122 

3.60 

295 

2.50 

136 

3.70 

310 

2.60 

150 

3.80 

325 

2.70 

164 

1 

3.90 

340 

lelX.   '  Dl»chan5«. 


heig 


Feet. 

Second-feet 

4.00 

355 

4.10 

372 

4.20 

389 

4.30 

406 

4.40 

423 

4.50 

440 

4.60 

457 

4.70 

474 

4.80 

491 

4.90. 

508 

5.00 

525 

Monthly  estimates  are  included  in  those  for  Tuolumne  River  given  on  page  158. 

MODESTO  CANAL  AT  LAGRANGE,    CAL. 

The  Modesto  canal  is  the  property  of  the  Modesto  irrigation  district. 
The  water  is  diverted  from  the  right  side  of  the  Tuolumne  River  at 
.the  Lagrange  dam.  This  canal  was  designed  to  carry  660  second-feet 
and  to  irrigate  land  in  the  vicinity  of  Modesto,  Stanislaus  County, 
Cal.  The  principal  part  of  the  construction  work  was  done  on  this 
canal  prior  to  1892,  but  on  account  of  litigation  the  canal  was  not 
completed  until  April,  1903. 

On  April  26,  1903,  a  gage  rod  was  set  in  and  a  rating  made  of 
Indian  Hill  flume,  near  Lagrange,  Cal.  From  May  10  to  June  3,  and 
from  June  10  to  June  25,  inclusive,  boards  were  placed  in  the  flumes 
to  back  the  water  up  and  keep  the  flumes  saturated.  During  this  time 
gage  heights  were  obtained  by  taking  the  depth  of  the  water  in  the 
canal  below  Indian  Hill  flume.     The  observer  is  Annie  P.  McGinn. 

On  July  12,  1904,  the  station  was  moved  to  the  flume  near  the 
intake.  This  was  done  so  that  more  gage  readings  and  explanations  of 
their  fluctuations  could  be  obtained,  by  having  J.  L.  Montgomery,  the 
regulator  of  the  gates  at  the  intake,  act  as  gage  observer.  This  flume 
is  11.85  feet  in  width.     The  gage  is  graduated  to  feet  and  tenths. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 
IRR  134—05 11 
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STREAM   MEASUREMENTS   IN   1904,  PART   XI. 
Discharge  measuremejiU  of  Modesto  canal  at  Lagrange^  Cal.,  in  1904» 


[NO.  134. 


Date. 


Hydrographer. 


January  21 « . . . 

March  26« 

May9« 

May9^ 

May9«> 

May9ft... 

June  8  « 

July  21  & 

August  22  ft 


F.  W.  Huber 

E.  C.  Murphy,  W.  B.  Clapp,  and  S.  G.  Bennett. 

S.  G.  Bennett 

do , 

do 

do 

0.  VV.  Peterson 

do 

do 


Gage 
leignt. 


heig 


Feet 
2.55 
2.60 
2.78 
1.27 
1.90 
.65 
1.60 
3.10 
2.50 


Discharge. 


Secimd-fed. 

170 

196 

218 

&i 

119 

24 

86 

280 

186 


a  Measurement  made  at  Indian  Hill  flume. 
i>  Measurement  made  at  flume  near  intake. 


Mean  daily  gage  liex^ht^  in  feet^  of  Modesto  canal  at  Lagrange^  Col. ,  for  1904^ 


Day 


I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

IG 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 


Jan. 

2.60 
2.60 
2.50 
2.60 
2.60 
2.60 
2.50 
2.60 
2.50 
2.60 
2.50 
2.60 
2.60 
2.50 
2.50 
2.50 
2.50 
2.50 
2,50 
2.50 
2.40 
2.40 
2.50 
2.60 
2.60 
2.  GO 
2.60 
2.50 
2.80 
2.30 
2.30 


Mar. 


2.80 

2.30 

2.80 

2.30 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.70 

1.60 

a.  05 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.40 

.80 

.75 

.80 

.80 

.85 


0.96 
1.20 
1.70 
•1.80 
1.80 
1.80 
2.10 
2.10 
2.10 
1.70 
1.70 
2.00 
2.30 
2.30 
2.30 
2.80 
2.30 
2.40 
2.40 
2.40 
2.40 
2.60 
2.60 
2.60 
2.65 
2.60 
2.50 
1.40 
2.35 
2.60 
2.60 


2.30 
2.30 
2.40 
a.  10 
1.20 
2.85 
.46 
2.30 
2.30 
2.60 
2.60 
2.60 
2.60 
2.65 
2.70 
2.70 
2.70 
2.70 
2.70 
1.90 
M.OO 
2.20 


May. 

June. 

July. 
8.20 

Aug. 
0.00 

Sept. 

2.20 

2.80 

1.80 

2.60 

2.80 

3.20 

3.10 

1.60 

2.70 

3.00 

8.20 

3.15 

1.60 

2.70 

8.00 

3.20 

3.10 

1.40 

2.70 

3.00 

3.20 

3.06 

1.50 

2.70 

3.00 

3.20 

3.06 

1.40 

2.70 

3.00 

8.20 

3.10 

1.90 

2.76 

2.20 

3.20 

3.10 

1.20 

2.00 

2.20 

3.20 

3.06 

1.20 

1.26 

3.00 

8.20 

3.10 

1.10 

2.30 

8.16 

■3.20 

3.10 

.00 

2.70 

3.20 

3.20 

8.10 

.00 

2.90 

3.10 

P3.25 

2.96 

.00 

2.90 

3.10 

3.25 

'2.70 

.00 

2.90 

3.16 

3.25 

2.66 

.95 

2.90 

3.20 

3.25 

3.20 

.95 

2.90 

3.20 

3.25 

3.15 

1.35 

2.90 

8.20 

8.25 

3.15 

1.35 

2.90 

3.20 

3.25 

8.20 

1.45 

2.90 

3.20 

3.26 

3.20 

1.40 

1.80 

3.20 

8.10 

2.90 

1.30 

a.  00 

3.20 

3.15 

2.60 

1.10 

1.35 

3.20 

.00 

2.30 

1.10 

1.45 

3.20 

.60 

2.20 

1.85 

1.85 

3.20 

.60 

2.10 

2.00 

2.35 

3.20 

3.00 

2,10 

2.00 

2.80 

3.20 

3.00 

2.00 

2.00 

3.00 

3.20 

3.00 

1.10 

2.00 

2.80 

3.20 

3.00 

2.20 

2.00 

2.80 

3.20 

3.05 

1.90 

1.05 

2.80 

3.00 

1.90 

Oct, 

a  0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 


Nov. 


0,00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
,00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 


Dec, 

0.00 
.00 
.00 
.40 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
-00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 


a  Shut  off  water  to  repair  canal. 
^  Water  lowered  to  repair  canal. 
oNew  station  established  at  flume  near  intake. 
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Rating  table  for  Modesto  caned  at  Lagrange,  Cal.y  from  July  IS  to  December  SI,  1904* 


Ga«e 
heigbi. 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 

hei^t 

Discharge. 

Feet. 

1 
Second'Jeet. 

Feet. 

F^et. 

Second-feet. 

FM. 

Second-feet. 

,     0.00 

0 

0.90 

38     . 

.     1.80 

112 

2.70 

200 

.10 

2 

1.00 

45 

1.90 

121     1 

2.80 

210 

.20 

4 

1.10 

53 

2.00 

130 

,     2.90 

220 

.30 

7 

1.20 

61 

2.10 

140 

3.00 

230 

.40 

11 

1.30 

69     1 

2.20 

150 

3.10 

241 

.50 

16 

,     1.40 

77 

2.30 

160 

3.20 

252 

.60 

21 

1.50 

85 

2.40 

170 

3.30 

263 

.70 

26 

1.60 

94 

2.50 

180 

3.40 

274 

.80 

32 

1 

1.70 

103 

2.60 

1 

190 

3.50 

285 

1 

Monthly  estimates  are  included  in  those  for  Tuolumne  River  given  on  page  158. 
MERCED  RIVER  ABOVE   MERCED   FALLS,  CAL. 

The  measurement  of  this  stream  was  undertaken  in  response  to 
numerous  requests  from  mining  and  irrigation  interests.  The  mid- 
summer flow  of  the  stream  is  less  than  the  combined  capacity  of  the 
irrigation  and  power  canals  taking  water  in  the  vicinitj*  of  Snelling. 

The  station  was  established  April  6,  1901,  by  H.  H.  Henderson.  It 
is  located  1  mile  above  Merced  Falls.  The  gage  is  made  of  2  bj^  4 
inch  board,  painted  white,  and  graduated  to  feet  and  tenths,  and  is 
bolted  to  iron  stakes  driven  in  the  bed  of  the  stream.  The  gage  is 
read  twice  each  day  by  Charles  Siegfeldt.  Discharge  measurements 
are  made  from  a  car  and  cable.  Both  Imnks  are  high  and  rocky  and 
are  not  subject  to  overflow.  The  bed  of  the  stream  is  composed  of 
gravel  and  is  subject  to  change.  The  bench  mark  is  f-inch  round  iron 
bolt  set  10  inches  in  the  slate  rock  on  the  right  bank  of  the  river.  It 
has  an  elevation  of  69.201  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Ihacharge  measurements  of  Merced  River  above  Merced  FaUs,  CaL,  in  1904- 


Date. 


Hydrographer. 


January  10 

Janoary  24 do 

Febroarv  4 do 


H.  H.  Henderson 


February  25  . . 
Febmary  28  . . 
March  6 do 


.do 
.do 


Gage 
height. 


Discharge. 


March  29 
April  20 . 


do 
do 


Feet. 

Second-feet. 

8.20 

239 

8.15 

204 

8.20 

199 

11.62 

3,  457 

1K50 

3,268 

9.80 

1,203 

12.25 

4,683 

11.80 

3,357 
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Discharge  measuremenis  of  Merced  River  above  Merced  FalU,  CcU.,  in  1904 — Continued. 


Date. 


Hydrographer. 


May  29 H.  H.  Henderson 

June  16 1 do 

Julyl 

August  7 

August  23 

August  28 

September  12  . 

September  27 do 

October  9 do 

October  23 do 


do 

do 

O.  W.  Peterson  . . 
H.  H.  Henderson 
do 


November  25 do 


December  4. 


do 


G 
heig 


l^t.      !>*««>»'««• 


Feet. 

12.80 

11.60 

10.20 

8.35 

8.32 

8.20 

7.90 

9.50 

11.90 

9.50 

8.60 

8.60 


Sccond-fcet. 

5,424 

3,lft5 

1,414 

214 

209 

182 

74 

928 

3,516 

995 

314 

303 


Mean  daily  gagelieighty  in  feet  y  of  Merced  River  above  Merced  FallSf  Col. ,  for  1904. 


Day. 

Jan. 

8.20 
8.20 
8.20 
8.25 
8.20 
8.10 
8.10 
8.05 
8.10 
8.10 
8.20 
8.10 
8.10 
8.a5 
8.15 
8.10 
8.10 
8.15 
8.30 
8.25 
8.20 
8.20 
8.20 
8.15 
8.15 
8.20 
8.35 
8.20 
8.20 
8.20 
8.2§ 

Feb. 

Mar. 

Apr.. 

10.65 

10.85 

10.45 

10.30 

10.30" 

10.50 

10.65 

11.00 

10.80 

11.55 

11.60 

11.85 

12. 10 

12.40 

12.15 

11.40 

11.30 

11.30 

12. 10 

11.55 

11.25 

11.25 

10.90 

10.60 

10.85 

11.15 

11.  a5 

11.25 

10.60 

10.60 

May. 

June. 

12.36 
12.30 
13.05 
12. 70 
12.55 
12.50 
12.35 
11.90 
11.85 
11.85 
11.75 
11.75 
11.70 
11.55 
11.45 
11.50 
11.40 
11.30 

1 

8.20 

8.20 

8.25 

8.35 

8.65 

8.55 

8.60 

8.50 

8.50 

8.50 

8.40 

8.45 

10.45 

9.30 

9.05 

12.45 

10.65 

9.80 

9.35 

9.15 

9.10 

9.35 

9.90 

10.80 

11.35 

10. 75 

12.30 

11.60 

10.50 

10.15 

9.90 

9.85 

9.90 

9.90 

9.80 

9.75 

9.95 

10.00 

10.20 

11.65 

10.70 

10.30 

10.10 

10. 15 

10.20 

10.10 

10.60 

10.90 

(11.30) 

11.65 

11.30 

18.00 

11.75 

11.60 

11.10 

10.65 

11.15 

12. 40 

11.55 

11.05 

10.85 
10.65 
10.55 
11.00 
11.55 
12.40 
13.35 
12.60 
13.05 
13.30 
13.55 
13.95 
13.65 
14.10 
13.70 
13.70 
13.70 
13.90 
12.50 
12.60 
12.80 
13. 15 
13.65 
13.55 
13.56 
12.  75 
12.30 
12. 45 
12. 65 
12.50 
12. 45 

2 

8 

4 

5 

6 

7.. 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

11.15 

20 

11.20 
11.00 
10.90 
10.95 
10.85 
10.65 
10.55 
10.50 
10  45 

21 

22 

23 

24 

25 

26 

27 

28 

29 

10  40 

30 

10.35 

31 

10.30 
10.15 
10.10 
9.95 
9.90 
9.95 
9.90 
9.90 
9.85 
9.65 
9.55 
9.45 
9.45 
9.85 
9.30 
9.25 
9.15 
9.10 
9.20 
9.30 
9.25 
9.20 
9.35 
9.25 
9.20 
9.15 
9.10 
9.10 
9.00 
8.90 
8.80 


Aug. 

8.80 
8.95 
9.15 
8.95 
8.95 
9.15 
9.25 
9.00 
8.85 
8.75 
8.65 
8.60 
8.55 
8.45 
8.40 
8.80 
8.80 
8.75 
8.60 
8.50 
8.40 
8.40 
8.85 
8.30 
8.30 
8.30 
8.25 
8.20 
8.20 
8.30 
8.25 


Sept. 

8.20 
8.05 
8.05 
8.05 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
7.95 
7.90 
7.90 
7.90 
7.90 
7.85 
7.90 
8.15 
8.20 
8.20 
8.15 
8.15 
8.10 
8.35 
9.90 
9.90 
9.55 


9.30 

9.:i5 

9.45 

9.80 

9.80 

9.  SO 

9.20 

Oct. 

9.90 

11.25 

10.35 

10.15 

10.15 

10.40 

11.45 

11.15 

10.70 

10.40 

11.25 

11.70 

10.85 

10.50 

10.25 

9.95 

9.80 

9.70 

9.55 

9.50 

9.45 

9.45 

9.50 

9.55 

9.45 

9.45 

9.40 


.«  I 


Nov. 

9.15 

9.10 

9.10 

9.10  ! 

9.05 

9.00 

8.95 

8.90 

8.90 

8.90 

8.85 

8.80 

8.80 

8.80 

8.80 

8.80 

8.80  , 

8.80  ; 

8.80 

8.70 

8.70  j 

8.70 

8.70 

8.60 

8.60 

8.60  , 

8.60  ' 

8.60 

8.85 

8.75 


8,70 
8.70 
8.70 
8.65 
8.  GO 
8-60 
8.50 
8.50 
8.50 
8.50 
8.50 
8.40 
&50 
&50 
8.50 
8.45 
8.40 
8.40 
8.40 
8.40 
8.40 
8.35 
8.40 
&45 
8.80 
8.M 
8.45 
8.50 
8.50 
8.50 
10.35 


CLAPP.] 
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RatifiQ  table  for  Merced  River  above  Merced  Falls,  Cal.,  from  January  1  to  December 

SI,  1904. 


(>age 
height. 

Dischafge. 

Gage 
height. 

Diflchaige. 
Second-fed. 

I 

,     Gage 
height. 

Diachaige. 

Gage 
height. 

Diacharge. 

reeL 

Seeond-/eet. 

ficeL 

FM. 

Second/eet. 

'     fM. 

Secatid-/eet. 

1       7.80 

65 

9.00 

565 

10.10 

1,450 

\     11.40 

3,000 

7.90 

95 

9.10 

630 

10.20 

1.550 

11.60 

3,300 

'       8.00 

130 

9.20 

700 

10.30 

1,650 

11.80 

3,630 

8.10 

165 

9.30 

770 

10.40 

1,760 

12.00 

4,000 

8.20 

200 

9.40 

845 

10.50 

1,870 

12.20 

4,400 

8.30 

235 

9.50 

920 

10.60 

1,980 

12.40 

4,800 

8.40 

270 

9.60 

1,000 

10.70 

2,100 

12.60 

5, 210 

8.50 

1 

310 

9.70 

1,085 

10.80 

2,220 

12.80 

5,630 

1      8.60 

355 

9.80 

1,170 

10.90 

2,340 

13.00 

6,050 

8.70 

400 

9.90 

1,260 

11.00 

2,460 

13.50 

7,200 

,  8.80 

450 

10.00^ 

1,350 

11.20 

2,720 

14.00 

8,500 

8.90 

505 

Eaiimated  monthly  discharge  of  Merced  River  above  Merced  FbUs,  Cal,,  for  1904. 

[Drainage  area,  1,090  square  miles.] 


Month. 


January 

February 

March 

April 

May 

Jane 

July 

August 

September 

October 

November 

December . 

The  year 


DIachaige  in  second-feet. 


Maximum. 


252 
4,900 
6,050 
4,800 
8,780 
6,160 
1,650 

735 
1,260 
3,460 

665 
1,705 


8,780 


Minimum.       Mean 


148 

200 

1,128 

1,650 

1,925 

1,705 

450 

200 

80 

700 

355 

252 


80 


189 

1,240 

2,265 

2,708 

5,797 

3,292 

909 

380 

325 

1,511 

471 

361 


1,621 


Total  in 
acre-feet. 


11,621 

71,326 

139,269 

161, 137 

356,444 

195,888 

55,892 

23,365 

19,339 

92,908 

28,026 

22, 197 


1, 177, 412 


Run-off. 


Second-feet 

per  sauare 

mile. 


0.17 

1.14 

2.08 

2.48 

5.32 

3.02 

.83 

.35 

.30 

1.39 

.43 

.33 


1.49 


Depth  in 
inches. 


0.20 

1.23 

2.40 

2.77 

6.13 

3.37 

.96 

.40 

.33 

1.60 

.48 

.38 


20.25 


SAN  JOAQUIN   BIVER  AT   HERNDON,  CAL. 

The  gage  rod  at  this  station  was  established  by  the  engineering 
department  of  the  Southern  Pacific  Railway  Company  in  1879.  The 
old  trestle  bridge  was  torn  down  by  the  railroad  company  during  1899 
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and  a  new  iron  structure  was  erected  in  its  place.  A  new  gage  rod, 
set  to  the  datum  of  the  old  gage,  was  bolted  to  the  western  side  of  the 
central  concrete  pier.  The  bench  mark  is  a  nail  in  a  post  at  the  south 
end  of  the  bridge  on  the  west  side,  0.2  foot  above  the  ground,  and 
marked  ^^  B.  M."  It  is  at  an  elevation  of  24.12  feet  above  gage  datum. 
The  channel  for  some  distance  above  and  below  the  bridge  is  straight, 
and  the  water  has  a  uniform  velocity.  The  right  bank  is  high,  rockj-, 
and  steep.  The  bed  of  the  stream  is  composed  of  small  gravel  and 
shifting  sand.  Because  of  the  continual  changes  in  the  cross  section, 
which  were  increased  by  a  side  channel  breaking  through  the  gravel 
pits  on  the  left  bank  of  the  river  just  above  the  gaging  station,  meter 
measurements  were  discontinued  at  this  station  at  the  end  of  1901. 

The  river  stage  record  for  1904  has  been  furnished  by  William 
Hood,  chief  engineer  of  the  Southern  Pacific  Railway  Company.  G.  G. 
Nelson  was  the  observer. 

Mean  daily  gage  height^  in  feet,  of  San  Joaquin  River  ai  Hemdon,  Cal.^  for  1904' 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

8.50 
8.50 
10.00 
9.50 
8.80 
9.00 
8.80 
8.00 
7.70 
7.50 
7.60 
7.50 
7.70 
8.00 
7.80 
8.00 
7.80 
7.60 
7.40 
7.20 
7.00 
7.00 
7.00 
6.70 
6.50 
6.20 
6.00 
6.00 
6.00 
6.00 

July. 

Aug. 

Sept. 

8.20 
3.20 
3.20 
3.20 
8.20 
8.00 
3.00 
3.00 
8.00 
8.00 
8.00 
3.U0 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
5.00 
6.80 
5.00 
4.80 
4.00 
4.00 

Oct. 

Nov. 

Dec. 

1 

2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.60 
2.50 
2.40 
2.30 
2.30 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2,20 

2,20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.30 
5.50 
4.00 
3.00 
3.20 
3.20 
3.20 
3.50 
6.00 
6.30 
6.80 
6.00 
5.30 
4.30 

4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.20 
4.20 
6.60 
6.80 
6.30 
4.50 
4.20 
4.20 
4.20 
5.00 
4.70 
8.50 
6.50 
6.00 
6.50 
5.80 
6.00 
5.00 
4.80 
5.00 
8.00 
6.00 
5.50 

6.30 
5.30 
6.00 
6.00 
5.00 
5.00 
5.20 
5.50 
6.20 
6.80 
7.00 
7.20 
7.20 
7.80 
7.30 
6.80 
6.50 
6.30 
6.30 
7.30 
6.60 
6.30 
6.30 
6.50 
6.50 
6.50 
5.30 
5.30 
5.50 
5.50 

5.50 

5.40 

5.20 

6.20 

6.00 

6.50 

6.70 

9.00 

8.80 

9.00 

9.50 

9.70 

10.00 

11.20 

11.00 

10.70 

10.50 

10.20 

9.50 

8.50 

8.80 

9.30 

10.20 

11.  gp 

10.50 
9.50 
8.60 
8.50 
9.00 
9.00 
8.70 

6.00 
6.00 
6.80 
5.80 
6.60 
6.50 
5.60 
5.50 
6.50 
5.20 
5.10 
6.00 
6.00 
6.00 
5.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
4.80 
4.60 
5.00 
5.00 
6.00 
6.00 
4.70 
4.60 
4.40 
4.30 

4.20 
4.00 
4.00 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.30 
4.30 
4.10 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
8.80 
3.70 
3.70 
3.60 
3.60 
3.50 
3.30 
3.30 
3.30 
8.20 
3.20 

4.00 
4.20 
4.40 
4.50 
4.60 
4.80 
5.70 
5.70 
6.50 
6.60 
5.80 
8.00 
6.50 
6.60 
6.00 
4.70 
4.30 
4.30 
4.30 
4.20 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
3.90 
3.90 
3.80 
3.80 
3.70 

3.60 
8.60 
3.50 
3.50 
3.40 
3.40 
3.40 
3.40 
8.80 
3.80 
8.90 
3.30 
3.20 
8.20 
3.20 
3.20 
S.20 
3.20 
3.20 
3.20 
8.20 
8.20 
3.20 
3.20 
3.20 
3.20 
3.20 
8.20 
3.20 
3.20 



3.20 

2 

8.20 

3 

S.20 

4 

3.10 

5 

a.  10 

6 

8.10 

7 

3.10 

8 

3.10 

9 

3.10 

10 

3.10 

11 

8.10 

12 

8.10 

13 

8.10 

14 

3.10 

15 

3.10 

16 

3.10 

17 

3.10 

18 

3.10 

19 

3.10 

20 

3.10 

21 

3.10 

22 

8.10 

23 

3.10 

24 

3.10 

25 

3.00 

26 

3.00 

27 

3.00 

28 

3.00 

29 

3.00 

80 

3.00 

31 

3.20 

Ci.AFf.y 
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KINO  RITER  NEAR  SANGER,  CAL. 

This  station  was  established  September  3, 1895,  by  J.  B.  Lippincott. 
It  is  located  15  miles  east  of  Sanger,  Cal.,  near  the  mouth  of  the 
canyon,  and  is  above  all  diversions.  An  automatic  river  stage  register 
was  installed  April  18,  1903.  There  is  also  an  inclined  wooden  gage 
near  by  from  which  readings  were  formerly  taken  and  which  is  now 
used  in  checking  the  self-recording  gage.  O.  G.  Williams  reads  the 
gage  once  each  day  and  also  examines  the  automatic  gage  to  see  that 
it  is  in  proper  working  order.  The  mean  daily  gage  height  is  deter- 
mined from  the  register  sheets  by  the  use  of  planimeter.  Discharge 
measurements  are  made  by  means  of  a  cable  and  car.  The  initial 
point  for  soundings  is  an  eyebolt  inbedded  in  concrete  on  the  right 
bank  of  river.  The  channel  is  nearly  straight  for  300  feet  above  and 
below  the  station,  and  has  a  width  of  180  feet  at  ordinary  stages.  The 
bed  of  the  stream  is  composed  of  gravel  and  small  bowlders  and 
changes  but  little.  The  right  bank  is  high  and  not  subject  to  overflow. 
The  left  bank  is  subject  to  overflow  during  extreme  high  water.  The 
current  is  swift.  A  bench  mark  18.045  feet  above  the  zero  of  the 
gage,  11  feet  northwest  of  a  sycamore  tree  at  the  upper  end  of  the 
rod,  is  marked  with  a  cross  on  the  rock. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  measurements  of- King  River  near  Sanger,  Cal,,  in  1904- 


Date. 


Hydrographer. 


January  30 1  F.  W.  Huber 

March  25 E.  C.  Murphy  and  S.  G.  Bennett. 

April  27 1  A.  C.  Lootz 

May  30 ! do 

June6 '  O.  W.  Peterson 

June  30 :  F.  R.  S.  Buttemer 

July  19 1 do 

July  27 do 

Augusts I do 


August  16 

September  8  . 
September  29 

October  7 

October  15... 
October  29. . . 
Novembers.. 
November  17. 
November  25. 
December  2. . 
December  9.. 


.do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 


Gage 
height. 


Feet, 
3.94 
6.60 
7.30 
10.00 
10.85 
7.80 
6.02 
6.50 
6.35 
5.60 
4.20 
6.37 
7.25 
6.70 
5.47 
4.88 
4.60 
4.40 
4.42 
4.30 


Dl8chaTg«. ' 

Second-feet. 

210 

2, 038 

2,792 

10,034 

12, 827 

3,704 

1,468 

2,008 

1,762 

1,292 

312 

1,740 

2,704 

2,138 

1,054 

712 

520 

445 

445 

368 
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Mean  daily  gage  height^  infeetf  of  King  River  near  Sanger,  Col.,  for  1904. 


Day. 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

SO 

81 


Jan. 

Feb. 

3.85 

3.90 

3.85 

3.90 

3.85 

3.90 

3.85 

3.90 

8.85 

4.00 

3.90 

4.06 

3.80 

5.00 

3.80 

4.10 

3.80 

4.00 

8.80 

3.90 

3.80 

4.00 

3.80 

4.05 

8.80 

4.40 

3.80 

4.35 

8.80 

4.25 

3.80 

4.50 

8.80 

6.90 

3.90 

5.25 

3.90 

5.00 

8.80 

4.70 

8.70 

4.70 

3.80 

5.05 

8.90 

5.05 

4.00 

5.85 

8.95 

(5.50) 

8.95 

5.60 

8.95 

5.40 

8.90 

6.40 

8.90 

5.55 

8.90 

8.90 

Mar. 


5.30 
5.30 
5.45 
5.55 
5.50 
5.30 
5.40 
5.55 
5.65 
6.05 
6.90 
5.90 
(5.90) 
(5.90) 
(5.90) 
6.00 
5.95 
6.20 
6.65 
8.65 
7.20 
6.65 
9.70 
7.60 
6.85 
6.55 
6.55 
7.15 
8.75 
7.75 
7.20 


Apr. 


7.00 
6.95 
6.90 
6.75 
6.90 
7.10 
7.40 
7.60 
7.90 
B.20 
8.45 
8.65 
8.95 
8.75 
8.75 
8.40 
8.00 
8.10 
8.50 
8.10 
7.65 
7.65 
7.25 
7.15 
7.45 
7.65 
7.35 
7.20 
7.06 
7.30 


May. 


June. !  July. 


7.35 

7.20 

7.30 

7.75 

8.45 

9.15 

9.90 

10.05 

10.25 

10.45 

10.70 

10.95 

11.15 

11.25 

11.25 

11.40 

11.45 

11.80 

10.30 

10.05 

10.15 

10. 4& 

11.10 

11.20 

11.25 

10.65 

9.95 

10.05 

10.35 

10.25 

10.15 


10.15 

10.40 

11.20 

10.95 

10.75 

10.65 

10.30 

9.70 

9.80 

9.85 

10.00 

10.05 

10.10 

9.80 

9.70 

9.65 

9.45 

9.25 

9.00 

9.00 

8.60 

8.45 

8.50 

8.80 

8.10 

7.85 

7.80 

7.75 

7.75 

7.66 


7.55 
7.45 
7.25 
7.15 
7.15 
7.15 
7.20 
7.20 
6.95 
6.75 
6.55 
6.60 
6.45 
6.30 
6.15 
6.05 
6.00 
6.00 
6.05 
6.00 
6.00 
6.00 
6.25 
6.85 
6.25 
6.30 
6.40 
6.25 
5.95 
5.70 
5.65 


Aug. 


5.95 
6.15 
5.95 
5.75 
5.65 
5.70 
6.05 
6.25 
6.45 
6.20 
5.85 
5.55 
5.85 
5.40 
5.55 
5.65 
5.65 
5.40 
5.20 
5.10 
4.95 
4.85 
4.75 
4.80 
4.85 
4.80 
4.85 
4.80 
4.75 
4.60 
4.55 


Sept. 

4.60 
4.45 
4.40 
4.40 
4.85 
4.80 
4.25 
4.25 
4.20 
4.15 
4.15 
4.10 
4.10 
4.10 
4.10 
4.35 
4.85 
4.85 
4.80 
4.80 
4.80 
4.25 
4.25 
5.60 
7.50 
6.70 
6.25 
6.05 
6.15 
6.20 


Oct. 


6.80 
6.40 
6.45 
6.50 
6.65 
7.80 
7.85 
7.85 
7.35 
6.95 
8.05 
7.96 
7.15 
6.80 
6.65 
6.45 
6.20 
6.05 
5.95 
5.85 
5.85 
5.80 
5.80 
5.80 
5.75 
5.70 
5.60 
5.55 
5.45 
5.40 
5.85 


Nov. 


5.30 
6.90 
5.85 
5.20 
5.10 
5.06 
5.00 
4.95 
4.90 
4.90 
4.85 
4.80 
4.80 
4.76 
4.70 
4.75 
4.75 
4.65 
4.65 
4.55 
4.60 
4.55 
4.55 
(4.50) 
4.40 
4.40 
4.40 
4.50 
4.50 
4.50 


Dec. 


4.50 
4.45 
4.45 
4.40 
4.30 
4.25 
4.20 
4.20 
4.25 
4.25 
4.20 
4.20 
4.80 
4.20 
4.20 
4.20 
4.20 
4.10 
4.10 
4.15 
4.15 
4.20 
4.15 
4.15 
4.45 
4.25 
4.20 
4.80 
4.20 
4.80 
4.60 


Note.— Gage  heights  in  parenthesis  are  estimated. 

Rating  taUefor  King  River  near  Sanger ^  Cal.f  from  January  I  to  December  Sl^  1904. 


height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

'     Gage 
height. 

Discharge. 

F^ct. 

Second-feet. 

FeH. 

Secondr/eet. 

Feet. 

Second-fed. 

Feet. 

Second-feet, 

3.70 

130 

5.00 

740 

6.30 

1,730 

8.00 

3,900 

3.80 

165 

5.10 

805 

6.40 

1,820 

8.20 

4,280 

3.90 

200 

5.20 

870 

6.60 

1,920 

8.40 

4,700 

4.00 

240 

5.30 

940 

6.60 

2,020 

8.60 

5,140 

4.10 

280 

5.40 

1,010 

6.70 

2,120 

8.80 

5,600 

4.20 

325 

5.50 

1,085 

6.80 

2,230 

9.00 

6,080 

4.30 

370 

5.60 

1,160 

6.90 

2,  .340 

9.50 

7,460 

4.40 

420 

5.70 

1,235 

7.00 

2,460 

,    10.00 

9,100 

4.50 

470 

5.80 

1,310 

7.20 

2,700 

10.50 

11,160 

4.60 

520 

5.90 

1,390 

7.40 

2,960 

11.00 

13,600 

4.70 

570  1 

6.00 

1,470 

7.60 

3,240 

11.50 

16,300 

4.80 

625 

6.10 

1,550 

7.80 

3,560 

12.00 

19,300 

4.90 

680 

6.20 

1,640 

1 
1 
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EadmaUd  monthly  diacharge  of  King  River  near  Sanger j  Chi.,  for  1904. 

[Dralna^  area,  1.742  Bquare  mile^.] 


Month. 


Discharge  in  second-feet. 


January 

February , 

March 

April 

May 

June 

July 

'August 

September 

October 

November 

December 

The  year 


Maximum. 


240 

2,340 

8,080 

5,960 

15,700 

14,550 

3,170 

1,870 

3,100 

3,990 

975 

520 


15,700 


Minimum. 

130 

200 

940 

2,175 

2,700 

3,320 

1,198 

495 

280 

975 

420 

302 


Mean. 

183 

618 

2,166 

3,549 

10, 376 

7,563 

1,957 

1,041 

702 

1,901 

620 

354 


3,320 


2,586 


Total  in 
acre-feet. 


11,252 

35,548 

133, 182 

211, 180 

637,995 

450,030 

120,331 

64,008 

41, 772 

116, 888 

36,893 

21,767 


Run-off. 


8eeond-feet 

per  square 

mile. 


1,880,846 


0.11 

.36 

1.24 

2.04 

5.96 

4.34 

1.12 

.60 

.40 

1.09 

.36 

.20 

1.48 


Depth  in 
Inches. 


0.13 

.39 

1.43 

2.28 

6.87 

4.84 

1.29 

.69 

.45 

1.26 

.40 

.23 


20.26 


KING   BIYEB  AT  KINGSBURO,  CAL. 

This  station  was  established  in  1879  by  the  engineering  department 
of  the  Southern  Pacific  Company.  No  meter  measurements  have  been 
made  since  1898,  except  a  low-water  measurement  in  1902,  because  it 
was  found  impossible  to  construct  a  satisfactory  rating  table  on 
account  of  the  changes  in  gage  heights,  caused  by  the  raising  and 
lowering  of  the  head-gate  of  the  Peoples  canal,  which  takes  water 
from  King  River  a  few  miles  below  the  gaging  station. 

The  gage  heights  have  been  furnished  by  William  Hood,  chief 
engineer  of  the  Southern  Pacific  Railway  Company.  Alf.  Thompson 
was  the  observer.  The  gage  readings  were  discontinued  March  8, 
1904. 
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STREAM   MEASUREMENTS    IN   1904,  PART    XI. 


[NO.  134. 


Mean  daily  gage  height^  infeeiy  of  King  River  al  Kingsburg,  Cal.y  for  1904. 


Day. 

Jan. 

2.20 
2.20 
2.20 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.10 
1.80 
1.10 
1.80 
1.70 

Feb. 

Mar. 

Day. 

1 

Jan.  , 

Feb. 

Mar. 

1 

2.20 
2.20 
2.20 
2.20 
2.20 
2.50 
2.80 
2.50 
2.80 
2.50 
2.40 
2.40 
2.50 
3.00 
3.00 
3.40 

4.30 
4.20 
4.00 
4.10 
4.10 
4.00 
3.90 

17 

1.70 
1.70 
2,10 
2.10 
2.20 
2.10 
2.10 
2.00 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 

7.00 

2 

18 

5.20  ' 

3 

19 

4.30 
3.90 

4 

20 

5 

21 

4.10  ' 

6 

22 

4.10  ! 

7 

23 

4.00 
3.80 
4.10 

8 

24 

9 

25 

10 

26 

4.10  

11 

27 

4.30  

12 

28 

4.90 
5.60 

13 

29 

14 

30 

15: 

31 

; 

16 

KAWEAH   RIVER  BELOW   THREE   RIVERS,  CAL. 

This  station  was  established  April  29,  1903,  by  W.  H.  Stearns.  It 
is  located  at  a  point'  three-fourths  of  a  mile  below  the  confluence  of 
the  North,  Middle,  and  South  forks.  It  is  17  miles  from  the  Southern 
Pacific  Railway  station  at  Exeter,  Tulare  County,  Cal.,  and  one-fourth 
of  a  mile  west  of  the  wagon  road  from  Exeter  to  Three  Rivers.  The 
gage  consists  of  a  vertical  2-inch  pipe  driven  3  feet  into  the  river  bed. 
This  is  used  up  to  medium  stages.  For  high-water  readings  a  timber 
gage  is  securely^  nailed  to  a  willow  tree  on  the  left  bank  of  the  stream. 
The  gage  is  read  twice  each  day  by  Miss  Mary  Landsdowne.  Dis- 
charge measurements  are  made  from  a  cable  and  car.  The  initial  point 
for  soundings  is  a  sycamore  tree  on  the  left  bank  of  the  stream,  to 
which  the  cable  is  fastened.  The  channel  is  stmight  for  400  feet  above 
and  below  the  station.  The  current  is  swift  at  high  stages,  but  slug- 
gish at  low  water.  There  are  rapids  about  400  feet  above  the  cable. 
The  right  bank  is  low  and  subject  to  overflow  at  high  stages.  The 
left  bank  is  high  enough  to  prevent  overflow.  There  are  willow  trees 
along  the  water's  edge  on  both  banks  and  a  line  of  willows,  sycamores, 
and  cottonwoods  back  from  the  water's  edge  on  the  left  bank.  The 
bed  of  the  stream  is  composed  of  sand,  gravel,  and  bowlders.  Some 
of  the  bowlders  are  2  feet  in  diameter.  The  section  is  probably  per- 
manent. The  bench  mark  is  a  large  rock  10  feet  upstream  from  the 
tree  to  which  the  cable  is  attached.  It  is  marked  ''  B.  M."  in  black 
paint.     Its  elevation  is  13.95  feet  above  the  zero  of  the  gage. 
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The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Di9charge  meamremenU  of  Kaweah  River  below  Three  Rivers,  Cal.,  in  1904* 


Janiiary  18 G.  C.  Morgan 


January  29. 
February?. 
Febmary  21 
March  11.. 
March  20.. 
March  23.. 
March  28.. 


do  ... 

C.  E.  Bell 

do... 

do... 

do... 

do... 

do... 


F.  B.  S.  Buttemer. 
....do 


March  29 1  W.  B.  Newhall 

April  17 1  C.E.Bell 

Jane? 

Jane  14 

Jane21 do 

Jane28 do 

July  7 do 

July  14 do 

July  15 do 

Jnly22 do 

July  30 do 

AugostB do 

August  14 do 

Augu8t21 do 

August  28 


do 


September  3 do 

....do 
....do 
....do 


September  11 . 
September  23 . 
September  27 . 

Octobers ' do 

October9 ' do 

October  11 do 

October  18 do 


October  24... 
Novemberl-. 
November  10. 


.do 
.do 
do 


November  18 do 


November  28. 
Decembers.. 
December  12. 


.do 
do 
do 


Fed. 

Seeond-feeL 

4.50 

90 

4.40 

67 

4.80 

113 

5.00 

225 

5.90 

465 

6.90 

1,240 

8.40 

4,788 

6.00 

695 

6.75 

1,195 

6.50 

926 

6.90 

1,276 

6.65 

1,016 

6.05 

692 

5.75 

493 

5.45 

377 

5.05 

204 

5.05 

222 

4.85 

145 

4.65 

101 

4.70 

127 

4.55 

92 

4.45 

77 

4.50 

87 

4.30 

57 

4.28 

53 

4.27 

47 

5.34 

310 

5.31 

303 

5.81 

495 

7.99 

2,730 

5.35 

292 

5.20 

221 

4.90 

160 

4.70 

111 

4.67 

100 

4.60 

95 

4.55 

89 

4.53 

1 

80 

172 


STKEAM   MEASUREMENTS   IN   1904,  PART   XI. 


[NO.  134. 


Meayi  daily  gage  height,  infeet,  of  Kaweah  River  below  Three  Rivers,  Cal,,  for  1904. 


Day. 

Jan. 

Feb. 

Mar. 

5.65 
5.65 
5.55 
5.50 
5.40 
5.40 
5.40 
6.40 
5.30 
5.30 
5.40 
5.80 
6.90 
6.80 
5.80 
6.70 
5.66 
5.80 
6.10 
6.20 
6.00 
6.00 
8.40 
6.10 
6.00 
6.10 
5.90 
6.26 
7.15 
6.75 
6.15 

Apr. 

- 

6.15 
6.05 
6.10 
6.05 
6.10 
6.35 
6.55 
6.70 
6.80 
6.90 
6.95 
7.00 
7.05 
6.60 
6.75 
6.85 
6.50 
6.50 
7.50 
6.75 
6.35 
6.35 
6.15 
6.15 
6.40 
6.45 
6.60 
6.40 
6.30 
6.40 

May. 



6.25 
6.25 
6.45 
6.65 
6.85 
7.20 
7.80 
7.80 
7.85 
7.85 
8.00 
7.96 
.8.05 
8.05 
8.05 
8.05 
8.10 
7.90 
7.66 
7.70 
7.60 
7.56 
7.75 
7.90 
7.90 
7.65 
7.40 
7.10 
7.15 
7.05 
7.10 

June. 

July. 

5.60 

(5.60) 
(5.60) 
(5. 50) 
(5.50) 
(5.50) 

5.45 
(5.40) 
(5.30) 
(5.80) 
(6.20) 
(5.20) 
(5. 10) 

6.05 

5.05 
(5.00) 
(5.00) 
(5.00) 
(4.90) 
(4.90) 
(4.90) 

4.86 
(4.80) 
(4.80) 
(4.80) 
(4. 70) 
(4.70) 
(4. 70) 
(4.70) 

4.65 
(4.65) 

Aug. 

Sept 

(4.30) 
(4.30) 
(4.30) 
(4.30) 
(4.30) 
.(4.30) 
(4.30) 
(4.30) 
(4.80) 
(4.80) 
(4.30) 
(4,30) 

(4.ao) 

(4.30) 
(4.30) 
(4.30) 
(4.30) 
(4.26) 
(4.25) 
(4.25) 

4.26 
(4.25) 
(4.25) 
(4.25) 
(6.00) 
(8.00) 

5.35 
(5.35) 
(5.30) 
(5.30) 

Oct. 

(5.30) 
(6.30) 
(6.30) 
(5.30) 
(5.40) 
(6.50) 
(5.60) 
(5.70) 
(5.80) 
(6.80) 
(8.00) 
(7.90) 
(7.00) 
(6.50) 
(6.00) 
(6.50) 
(5.50) 
(6.35) 
(5.30) 
(6.30) 
(6.30) 
(5.30) 
(6.20) 
6.20 
(5.20) 
(5.20) 
(6.10) 
(6.10) 
(5.00) 
(5.00) 
(4.90) 

Nov. 

Dec. 

1 

4.40 
4.40 
4.35 
4.30 
4.30 
4.80 
4.30 
4.30 
4.30 
4.30 
4.30 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.50 
4.50 
4.50 
4.50 
4.50 
4.60 
4.55 
4.60 
4.60 
4.60 
4.70 
4.70 
4.70 
5.05 

5.15 
5.20 
6.20 
5.20 
6.30 
5.30 
5.30 
5.30 
5.30 
5.30 
5.40 
6.40 
6.40 
5.20 
6.40 
7.80 
7.35 
7.30 
7.20 
7.20 
7.20 
6.80 
6.70 
6.65 
6.40 
6.30 
5.90 
5.80 
5.70 

7.10 

7.16 

7.35 

V.  70 

7.66 

7.35 

7.15 

6.95 

6.75 

6.75 

7.30 

7.30 

6.80 

6.55 

6.35 

6.45 

6.50 

6.40 

6.20 

6.10 

6.05 

(6.00) 

(6.00) 

(5.90) 

(5.90) 

(6.80) 

(5. 80) 

5.75 

(5.70) 

(6.70) 

(4.65) 
(4.65) 
(4.65) 
(4.65) 
(4.65) 

4.70 
(5.00) 
(5.20) 
(5.40) 
(5.20) 
(4.80) 
(4.55) 
(4.65) 

4.56 
(4.56) 
(4.65) 
(4.50) 
(4.50) 
(4.60) 
(4.46) 

4.46 
(4.45) 
(4.45) 
(4.45) 
(4.50) 
(4.50) 
(4.60) 
(4.50) 
(4.40) 
(4.40) 
(4.40) 

4.90 

(4.90) 

(4.90) 

(4.90) 

(4.80) 

(4.80) 

(4.80) 

(4.80) 

(4.80) 

(4.75) 

(4.70) 

(4.70) 

(4.70) 

(4.70) 

(4.70) 

(4.70) 

(4.70) 

(4.65) 

(4.65) 

4.66 

4.66 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 

2 

4.60 

3 

4.eo 

4 

4.60 

5 

4.55 

6 

4.50 

7 

4.  .50 

8 

4.56 

9 

4.50 

10 

4.60 

11 

4.65 

12 

4.56 

13 

4.50 

14 

4.50 

16 

4.50 

16 

4.60 

17 

4.66 

18 

4.50 

19 

4.» 

20 '. 

4.50 

21 

4.40 

ae.... 

4.60 

23 

24 

4.60 
4.60 

25 

4.85 

26 

4.60 

27 

4.66 

28 

4.66 

29 

4.60 

30 

4.60 

31 

6.30 

From  June  21  to  November  28,  inclusive,  gage  heights  interpolated  between  those  of  meter 
measurements. 

Rating  table  for  Kaweah  River  below  Three  Rivers,  Col.,  from  January  1  to  December  Sly 

1904. 


Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

DLscharge. 

Gage 
height. 

Feet. 

Discharge. 

Gage 
height. 

1 
Discharge. 

Feet. 

Feet. 

Second-feel. 

SccoTid-feet. 

Feet. 

Second'Jeft. 

4.20 

40 

5.30 

280 

6.40 

850 

7.50 

1,950 

4.30 

53 

5.40 

315 

6.50 

920 

7.60 

2,060 

4.40 

66 

5.50 

^50 

6.60 

1,000 

7.70 

2,220 

4.50 

80 

5.60 

390 

6.70 

1,080 

7.80 

2,380 

4.60 

95 

5.70 

435 

6.80 

1,170 

7.90 

2,550 

4.70 

115 

5.80 

485 

6.90 

1,260 

8.00 

2,730 

4.80 

135 

5.90 

540 

1     7.00 

1,360 

8.10 

2,920 

4.90 

160 

6.00 

600 

7.10 

1,470 

8.20 

3,120 

5.00 

190 

6.10 

660 

7.20 

1,580 

8.30 

3,370 

5.10 

220 

6.20 

720 

7.30 

1,700 

1    8.40 

3,700 

5.20 

1 

250 

6.30 

780 

1 

7.40 

1,820 

1 

1 
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EKHmaied  ftumlhly  discharge  of  Kaioecih  River  below  Three  RixtrSy  Oal,,  for  1904. 

[Drainage  area,  620  square  miles.] 


Month. 


January... 
February . . 

March 

April- 

May 

June 

July 

August 

September. 
October  ... 
November 
December  . 


The  year 


Discharge  in  second-feet. 


Maximum. 


2,920 


Minimum. 


205 

53 

2,380 

235 

1,525 

280 

1,415 

630 

2,920 

750 

2,220 

435 

390 

105 

315 

60 

2,730 

46 

2,730 

160 

160 

95 

280 

66 

46 


Mean. 


78 

729 

640 

968 

2,054 

1,052 

220 

108 

190 

511 

117 

95 


564 


Total  in 
acre-feet. 


4,796 
41,933 
39,  352 
57,600 
126,296 
62, 598 
13, 527 

6,641 
11,306 
31,420 

6,962 

5,841 


408, 272 


Run-ofT. 


Second-feet 

per  sauare 

mile. 


0.15 

1.40 

1.23 

1.86 

3.95 

2.02 

.42 

.21 

.37 

.98 

.22 

.18 


1.08 


Depth  in 
inches. 


0.17 

1.50 

1.42 

2.08 

4.55 

2.25 

.48 

.24 

.41 

1.13 

.25 

.21 


14.69 


TULE  RIVER  NEAR  PORTERSVILLE,  CAL. 

The  gaging  station  is  located  about  8  miles  east  of  Portersville  at  a 
point  just  below  the  wagon  bridge  near  McFarland  ranch  and  about  1 
mile  above  the  mouth  of  South  Fork  of  Tule  River.  The  station  was 
established  April  8, 1901.  The  gage  rod  is  situated  on  the  right  bank 
of  the  river  10()  feet  below  the  bridge.  Thfe  bench  mark  is  a  cross  on 
the  top  of  a  large  bowlder  on  the  right  bank  of  the  river  between  the 
cable  and  the  bridge  and  is  13.10  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 
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Date. 


February  1 
April  1 


Hydrognpher. 


F.  W.  Ruber  . . 
W.  B.  Newhall 


July  2 F.  R.  S.  Buttemer. 


July  20 

July  28 

August  17 

September  9 . 

October  6 

October  30... 
November  15 
November  29 
December  15. 


.do 
.do 
.do 
.do 
do 
do 
do 
do 
do 


Gage 
lieignt. 


FeeL 

1.^ 

2.86 

1.25 

1.00 

.90 

.85 

.76 

1.24 

1.25 

1.20 

1.18 

1.26 


Discharge^ 

SocoftdrfctL 
36 
342 
30 
16 
10.2 
7.9 
6.9 
30 
31 
26 
25 
27 


Mean  daily  gage  height,  infeet^  of  Tule  River  near  PortersmlUy  Cal.,  for  1904- 


Day. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

90 

81 


Jan. 

Feb. 

Mar. 

Apr. 

1.20 

1.20 

1.90 

2.90 

1.20 

1.20 

1.90 

2.80 

1.20 

1.20 

1.85 

2.70 

1.20 

1.20 

1.85 

2.70 

1.20 

2.00 

1.85 

2.75 

1.20 

1.80 

1.70 

2.80 

1.20 

1.60 

1.70 

2.80 

1.20 

1.40 

1.60 

2.65 

1.20 

1.36 

1.60 

2.45 

1.20 

1.35 

1.60 

2.60 

1.20 

1.35 

2.36 

2.80 

1.20 

1.35 

2.00 

2.75 

1.20 

1.80 

1.90 

2.75 

1.20 

1.60 

1.85 

2.75 

1.20 

1.45 

1.90 

2.70 

1.15 

4.10 

2.00 

2.60 

1.15 

3.10 

2.00 

2.50 

1.40 

2.10 

2.10 

2.40 

1.30 

1.90 

2.10 

3.15 

1.30 

1.85 

3.00 

2.90 

1.30 

1.80 

2.90 

2.70 

1.30 

1.75 

2.40 

2.60 

1.30 

1.70 

6.15 

2.50 

1.25 

1.65 

3.20 

2.40 

1.25 

1.65 

2.70 

2.40 

1.25 

1.60 

2.50 

2.70 

1.20 

1.60 

2.40 

2.60 

1.20 

2.70 

3.20 

2.55 

1.20 

2.00 

8.80 

2.55 

1.20 

3.70 

2.50 

1.20 

3.30 

May. 


2.50 
2.60 
2.60 
2.60 
2.70 
2.80 
2.80 
2.80 
2.80 
2.85 
2.85 
2.90 
2.90 
2.90 
2.85 
2.80 
2.75 
2.66 
2.60 
2.55 
2.50 
2.45 
2.40 
2.40 
2.35 
2.30 
2.80 
2.30 
2.26 
2.20 
2.10 


June. 

July. 

Aug. 

Sept. 

2.10 

1.20 

0.85 

0.85 

2.05 

1.15 

.85 

.80 

2.00 

1.16 

.86 

.80 

2.00 

1.20 

.85 

.80 

2.00 

1.20 

.90 

.80 

1.95 

1.15 

.90 

.80 

1.90 

1.16 

.90 

.80 

1.85 

1.16 

.90 

.80 

1.80 

1.16 

.90 

.80 

1.75 

1.10 

.85 

.80 

1.75 

1.10 

.85 

.80 

1.70 

1.10 

.85 

.80 

1.65 

1.06 

.85 

.80 

1.60 

1.05 

.86 

.80 

1.55 

1.06 

.85 

.80 

1.50 

1.06 

.85 

.80 

1.46 

1.00 

.86 

.80 

1.40 

1.00 

.85 

.86 

1.40 

1.00 

.80 

.85 

1.40 

1.00 

,80 

.90 

1.40 

.96 

.80 

.90 

1.40 

.96 

.80 

.95 

1.36 

.95 

.85 

.95 

1.35 

.95 

.86 

1.00 

1.30 

.90 

.90 

2.10 

1.30 

.90 

.90 

1.70 

1.25 

.90 

.90 

1.55 

1.25 

.90 

.95 

1.40 

1.20 

.85 

.96 

1.90 

1.20 

.85 

.90 

1.25 

.85 

.86 

Oct 


1.20 
1.20 
1.20 
1.20 
1.20 
2.00 
1.60 
1.40 
1.80 
1.50 
1.70 
2.30 
1.80 
1.70 
1.60 
1.65 
1,50 
1.45 
1.40 
1.35 
1.35 
1.30 
1.90 
1.90 
1.90 
1.90 
1.26 
1.25 
1.26 
1.25 
1.25 


Nov. 


1.25 
1.90 
1.90 
1.90 
1.80 
1.90 
1.90 
1.25 
1.25 
1.25 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 


Dec. 


1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.90 
1.30 
1.3S 
1.40 
1.65 
1.45 
1.10 
1.35 
1.35 
1.30 
1.70 
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Rating  table  for  Tide  River  near  PoriersviUey  Cal.^from  January  1  to  December  SI,  1904, 


leight. 

Discharge 

Fefi. 

Second-feet 

0.80 

7 

.90 

10 

1.00 

15 

1.10 

21 

1.20 

28 

1.30 

37 

1.40 

47 

1.50 

p           58 

1.60 

70 

1,70 

as 

1.80 

98 

1.90 

115 

Gage 
height. 

FfreL 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 


Discharge. 

Seeond-fert. 
132 
150 
170 
190 
210 
235 
260 
285 
315 
345 
380 
415 


Gage 
height. 


Feet. 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.20 
4.40 


Discharge. 

Second'ftet. 
450 
490 
530 
575 
625 
675 
725 
775 
830 
940 
1,060 


Gage 
height. 

Feet. 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.50 
7.00 
7.50 


Discharge. 


1 


Second-feel. 
1,180 
1,300 
1,420 
1,560 
1,700 
1,850 
2,010 
2,170 
2,620 
3,120 
3,670 


Ertimaled  monthly  discharge  of  Txde  River  near  Portersville,  CaL,  for  1904. 

[Drainage  area,  437  square  miles.] 


Discharge  in  second-feet. 


Month. 


Maximum.     Minimum.       Mean 


Total  in 
acre-feet. 


Run-off. 


January , 

February 

March 

April 

May , 

June  - 

Julv 

August 

September 

October 

November 

December 

The  year 


Second-feet 

per  sQuare 

mile. 


2,305 


1,845 

6,960 

17,401 

16, 602 

16,110 

4,403 

1,045 

553 

1,190 

3,:^2 

1,785 

2, 275 

73,551 


0.07 
.28 
.65 
.64 
.60 
.17 
.04 
.02 
.05 
.13 
.07 
.08 

.23 


Depth  in 
Inches. 


0.08 
.30 
.75 
.71 
.69 
.19 
.05 
.02 
.06 
.15 
.08 
.09 

3.17 
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KERN   RIVER  NEAR  BAKERSFIELD,  CAL. 

This  station,  established  in  1893  by  Walter  James,  chief  engineer  of 
the  Kern  County  Land  Company,  is  located  at  what  is  known  as  ''first 
point  of  measurement,^'  5  miles  above  Bakersfield  and  at  the  mouth  of 
the  canyon  of  the  river.  Regular  meter  measurements  are  taken,  and 
an  automatic  gage  records  daily  fluctuations  of  the  river  heights. 
A.  K.  Warren,  the  engineer  in  charge  of  this  work  for  the  Kem 
County  Land  Company,  attends  to  the  discharge  measurements  with 
accuracy  and  precision,  and  furnishes  the  Geological  Survey  with  the 
final  results. 

Mean  daily  dischargey  in  second-feet j  of  Kern- River  near  Bakersfield^  Cal.j  for  1904^ 


CLAPF.] 
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Estimated  monthly  discharge  of  Kern  River  near  Bakerafteldy  Cal.,  for  1904^ 

[Drainage  area,  2,845  square  xnileci.] 


Month. 


January 

February 

March 

April 

May 

June 

July  ..- 

August 

September 

October 

November 

December 

The  year 


DlflchaTige  in  second-feet. 


Maximum. 


241 

1,403 

2,456 

1,2»5 

2,932 

3,167 

992 

652 

524 

AAA 

342 
350 


Minimum.  ;    Mean 


156 

195 

199 

346 

351 

667 

796 

1,005 

810 

-1,841 

868 

1,746 

441 

646 

310 

467 

187 

267 

303 

438 

249 

286 

208 

241 

156 


Run-off. 


Total  in 
acre-feet. 


679 


492, 892 


Depth  in 
inches. 


0.09 
.16 
.32 
.48 
.91 
.83 
.32 
.23 
.12 
.22 
.13 
.12 


3.93 


STATIONS  IN   TOSEMITE   VALLEY,  CALIFORNIA. 

During  the  summer  of  1904  the  commissioners  of  Yosemite  Valley 
were  desirous  of  having  discharge  stations  established  on  several  of 
the  principal  streams  in  the  Yosemite  Valley.  The  hydrographic 
branch  of  the  Geological  Survey  agreed  to  establish  these  stations, 
furnish  the  necessary  instruments  for  making  the  discharge  measure- 
ments, make  all  ofBce  computations,  and  compile  the  records,  the  com- 
missioners to  furnish  the  assistant  to  do  the  field  work.  Stations  were 
established  June  9-11,  1904,  on  the  Merced  River  at  the  bridge  near 
the  Sentinel  Hotel;  on  the  Yosemite  Creek  at  bridge  between  Yosemite 
poet-office  and  Yosemite  Falls,  and  on  Tenaya  Creek  at  bridge  between 
Yosemite  post-office  and  Mirror  Lake.  The  commissioners  detailed 
Mr.  N.  W.  Currie  to  take  charge  of  the  field  work,  which  consisted 
of  making  weekly  discharge  measurements  and  reading  the  gages 
daily.  Mr.  Currie  made  one  discharge  measurement  at  each  of  the 
stations  after  they  were  installed  and  kept  daily  gage  readings  to 
September.  24,  1904.  He  then  stopped  the  work  entirely,  but  failed 
to  notify  the  hydrographer  in  charge  until  December  20,  when  he  was 
asked  to  send  his  records  to  the  hydrographer  for  compilation.  Mr. 
Currie  then  stated  that  this  extra  work  was  put  upon  him  in  connec- 
tion with  his  duties  as  electrician;  and  as  he  received  no  compensation 
for  it,  he  discontinued  the  work  upon  the  advice  and  consent  of  the 
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guardian  of  the  park.  It  was  hoped  that  a  sufficient  number  of  meas- 
urements would  have  been  made  during  the  past  summer  to  have 
rated  these  streams,  so  that  by  keeping  a  continuous  gage  record  the 
daily  discharge  could  be  published  weekly  in  the  daily  papers  through- 
out the  State  as  a  matter  of  interest  to  parties  who  desire  to  visit  the 
valley  at  a  time  when  the  streams  are  discharging  in  considerable  vol- 
ume and  when  the  several  falls  are  seen  to  the  best  advantage.  ^  These 
measurements  will  be  continued  another  summer. 


MERCED  RIVER  NEAR  SENTINEL  HOTEL,  Y08EMITE  VALLET,  CALIFORKTA'i 

This  station  was  established  July  11,  1904,  by  E.  A.  Chandler  and 
N.  W.  Currie.  It  is  lo<jated  at  the  wagon  bridge  near  the  Sentinel 
Hotel.  The  gage  is  a  1  by  6  inch  vertical  timber,  painted  white,  and 
graduated  to  feet  and  tenths.  It  is  securely  fastened  to  a  masonry 
abutment  on  west  bank.  Discharge  measurements  are  made  from 
lower  side  of  bridge.  The  distance  across  the  stream  is  marked  by 
nails  in  the  floor  of  the  bridge  every  5  feet.  The  initial  point  for 
soundings  is  stream  face  of  abutment  on  right  bank.  The  channel  is 
straight  for  a  distance  of  150  feet  above  and  50  feet  below  station. 
The  current  is  sluggish. '  The  right  bank  is  low  and  subject  to  over- 
flow. The  left  bank  is  high  and  above  high  water.  The  bed  of  the 
stream  is  composed  of  coarse  gravel  and  sand,  with  small  bowlders, 
and  is  not  subject  to  much  change.  The  bench  mark  is  heads  of  two 
large  nails  driven  into  stream  face  of  bridge-seat  timber  on  the  left 
abutment.     Its  elevation  is  14.64  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  measiiremenls  of  Merced  River  near  Sentinel  Hotel,  Yosemiie  Valley ,  California, 

in  1904. 


Date. 


July  11. 
July  18, 


Hydn)grBpher. 


A.  E.  Chandler 
N.  W.  Currie  . . 


height. 


Feet. 
4.60 
4.39 


DischaEKe. 


Second-feet, 
555 
431 
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Mecni  daily  gage  height,  in  feet,  of  Merced  River  near  Sentinel  Hotel,   Yoiemite   Valley, 

California,  in  1904- 


Day. 

July. 

Aug. 

1 
Sept. 

Day. 

July. 

4.30 
4.40 
4.50 
4.60 
4.48 
4.70 
4.Q0 
4.48 
4.40 
4.40 
4.36 
4.25 
4.10 
4.00 
4.00 

Aug. 

Sept. 

1 

*> 

4.20 
4.46 
4.10 
4.10 
4.40 
4.60 
4,30 
4.10 
4.00 
3.90 
3.90 
3.80 
3.75 
3.80 
4.15 
4.06 

3.45 
3.40 

17 

18 

4.00 
3.90 
3.75 
3.76 
3.70 
3.60 
3.56 
3.55 
3.50 
3.50 
3.65 
3.60 
3.55 
3.50 
3.48 

3.60 
3.60 

3 

3.40 

19 

3.50 

4 

3.40 
3.36 

20 

3.45 

5 

21 

3.40 

1 

6 ' 

3.35 

1 
22 

3.40 

1 
t ., 

4.30 
4.30 
3.30 

23 

24 

;  26 

3.50 

8 

9 

4.20 

10 

3.30  1 

26 

11 

4.60 
4.70 
4.57 
4.60 
4.40 
4.30 

3.30 
3.30 

27 

12 

28 

13 

3.30  1 

1       

,  29 

14 

3.30  ' 
3.36 

30 

15 

31 

16 

3.60 

1 

! 

TENATA  CREEK  AT  T08EMITE  VALLEY,  CALIFORNIA. 

This  station  was  established  July  11,  1904,  by  A.  E.  Chandler  and 
N.  W.  Currie. .  It  is  located  by  the  wagon  bridge  about  2  miles  from 
Yosemite,  Cal.  The  gage  is  a  1  by  6  inch  vertical  timber,  painted 
white,  and  graduated  to  feet  and  tenths.  It  is  securely  fastened  to 
the  bridge  stringer  dn  upper  side  of  bridge  9  feet  from  left  abutment. 
Discharge  measurements  are  made  from  the  bridge.  The  distance 
across  the  stream  is  marked  by  nails  in  the  bridge  stringer  every  5 
feet.  The  initial  point  for  soundings  is  the  stream  face  of  the  abut- 
ment on  the  right  bank.  The  channel  is  straight  for  200  feet  above 
and  200  feet  below  the  station.  Both  banks  are  above  high  water. 
The  bed  of  the  stream  is  composed  of  small  granite  fragments  and  is 
not  subject  to  change.  The  bench  mark  is  formed  by  the  heads  of 
two  nails  in  the  top  of  the  bridge  stringer  near  the  gage.  Its  eleva- 
tion is  12.70  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Ditcharge  measurements  of  Tenaya  Creek  at  Yosemite  Valley,  California,  in  1904^ 


Date. 


July  11 
July  19. 


Hydrographer. 


N.  W.  Currie 
do 


Gage 
height 

Feet. 

4.42 

4.00 

Dlflchaige. 

Second-/^. 
85 
45 
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Mean  daily  gage  heighly  in  feetf  of  Tenaya  Creek  at  Yosemite  Valley,  California,  in  1904. 


Day. 

July. 

Aug. 

3.80 
3.86 
3.70 
3.90 
3.75 
3.70 
3.70 
3.60 
3.60 
3.60 
3.60 
3.60 
3.50 
3.50 
3.80 
3.80 

Sept. 

3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.38 
3.38 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 

Day. 

July. 

Aug. 

Sept. 

1 

17 

4.08 
4.02 
4.00 
4.00 
4.00 
4.00 
3.90 
3.90 
3.90 
3.85 
3.80 
3.80 
3.75 
3.70 
3.70 

3,70 
3.60 
3.55 
3.60 
3.60 
3.50 
3.50 
3.50 
3.50 
3.45 
3.45 
3.45 
3.40 
3.40 
3.40 

3.40 

2 

18 

3.40 

3 .. 

—       — 

19 

3.40 

4 

20 

3.40 

5 

21 

3.40 

6 

22 

3.40 

7 

1  23 .. 

'  24 

8 

4.40 

9 

'  25 

10 

1 

;  26 

11 

4.40 
4.40 
4.30 
4.20 
4.20 
4.10 



27 

12 

28 

13 

29 

14 

30 

15 

31 

16 

YOSEMITE   CREEK  AT  YOSEMITE   VALLEY,  CALIFORNIA. 

This  station  was  established  July  9,  1904,  by  A.  E.  Chandler  and 
N.  W.  Currie.  It  is  located  at  the  wagon  bridge  about  one-half  mile 
from  Yosemite,  Cal.  The  gage  is  a  1  by  6  inch  vertical  timber,  painted 
white,  and  graduated  to  feet  and  tenths.  It  is  securely  fastened  to  an 
alder  tree  on  the  right  bank  50  feet  above  bridge.  Discharge  measure- 
ments are  made  from  lower  side  of  bridge.  The  distance  across  the 
stream  is  marked  by  nails  in  bridge  stringer  every  5  feet.  The  initial 
point  for  soundings  is  stream  face  of  abutment  on  right  bank.  The 
channel  is  straight  for  50  feet  above  and  100  feet  below  station;  both 
banks  are  above  high  water.  The  bed  of  the  stream  is  composed  of 
small  granite  fragments  and  is  permanent.  The  bench  mark  is  head 
of  two  nails  driven  in  an  alder  tree,  to  which  gage  is  fastened.  Its 
elevation  is  9.40  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  mea^furements  of  Y'osejnite  Creek  at  Yosemite  Valley,  California,  in  1904* 


Date. 


July  9 . 
July  19 


Hydrographer. 

G«|fe 
height. 

DiBchai^ge. 

A.  E.  Chandler 

Feet, 
4.S5 
4.49 

Sccond-feti. 
70 

N.  W.  Currie 

33 

CLAPP.] 


8AN   FRANCISCO   BAT    DRAINAGE    BASIN. 


181 


Mean  daily  gage  heighiy  in  feet,  of  Yosemite  Creek  at  YosemUe  Valley,  Oalifomia,  for  1904, 


Day. 

July. 

Aug. 

1.. 

4.30 
4.70 
4.30 
4.30 
4.15 
4.18 

2 

3 

4 

5 

6 

7 1 

8., 

4.00 

10. 

11. 

12. 
13. 
14. 
15. 
16. 


4.60 
4.70 
4.70 
4.55 
4.50 
4.50 


4.00 
3.95 
3.90 
3.90 
3.90 
3.90 
4.00 
4.05 


Sept. 

3.80 
3.80 
3.80 
3.80 
3.76 
3.75 
3.75 
3.75 
3.75 
3.75 
3.75 
3.75 
3.75 
3.75 
3.75 
3.80 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


July. 

Aug. 

4.40 

3.90 

4.40 

3.90 

4.50 

3.90 

4.45 

3.90 

4.40 

3.85 

4.40 

3^80 

4.38 

3.85 

4.38 

3.84 

4.30 

3.85 

4.20 

3.80 

_   ..  1 

4.05 
4.10 
4.00 
4.00 
4.00 


3.80 
3.80 
3.80 
3.80 
3.80 


Sept. 


3.75 
3.80 
3.75 
3:75 
3.75 
3.75 
3.85 
4.60 


MISGELXANEOUS   MEASUREMENTS  IN   SAN   FRANCISCO   BAT  DRAINAGE 

BASIN. 

The  following  miscellaneous  measurements  were  made  in  the  San 
Francisco  Bay  drainage  basin  in  1903  and  1904: 

Miscellaneous  measurements  in  San  Frarndsco  Bay  drainage  basin, 

ALAMEDA  CREEK  DRAINAGE.    « 


Date. 

Hydrographer. 

S.  G.  Bennett.. 
do 

stream. 

Ix)cation. 

Dis- 
charge. 

1904. 
May    27 

Arroyo  Hondo 

Alameda  Creek 

Near  Sunol 

Sec-feet. 
18 

May    27 

At  Ni^es  dam 

26 

s 

ACRAMENTO  RIVER  DRA 

INAGE. 

1904. 
Aug.     9 

Aug.    11 
Aug.    12 

W.  B.  Clapp... 
do 

do 

Upper       Sacramento 
Kiver. 

Battle  Creek 

• 

Bards  Station,  Shasta 
County. 

Near  Balls  Ferry,  Te- 
hama County. 

Head  works  near  Vina, 
Cal. 

429 
423 

Stanford  canal 

58 
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Miscdlaneoiis  measurements  in  San  Francisco  Bay  drainage  basin — Continaed. 

SACRAMENTO  RIVER  DRAINAGE— Continued. 


1904. 

Apr.  5 

May  5 

June  4 

June  10 

Sept.  17 

Sept.  23 

Sept.  17 

Aug.  16 

Jan.  7 

Aug.  27 

Aug.  27 

June  12 


Date. 

Hydrographer. 

stream. 

Location. 

Dis- 
chai^e. 

1904. 
Aug.    12 

W.  B.  Ciapp  . . . 

do 

do 

Deer  Creek 

Near  Vina,  below 
heading  of  Stanford 
Canal. 

Sec-/ert. 
69 

Total  Deer  Creek. 

Mill  Creek 

Antelope  Creek 

127 

Aug.    12 
Aug.    13 

Near  Tehaina,  above 
all  diversions. 

Near  Red  Bluff,  above 
all  diversions. 

160 
53 

PIT  RIVER  DRAINAGE. 


J.  S.  P^vans 

do  .... 

do.... 


S.  G.  Bennett 
and  J.  S. 
Evans. 

J.  Y.  Toler  . . . . 

do 

do 


S.  G.  Bennett 
and  J.  Y. 
Toler. 

J.  S.  Evans 


J.  Y.  Toler 
do  .... 


S.  G.  Bennett 
and  J.  S. 
Evans. 


Aug.    30  j  J.  Y.  Toler 

Aug.    26  I do 

Sept.     5  , do 


Sept. 

14 

Sept. 

15 

Aug. 

29 

Sept. 

20 

1903. 

Sept. 

11 

do 
do 
.do 
do 


H.  G.  Heisler.. 


Ash  Creek 

do  ... 

do... 

do  ... 


Dukes  ditch 

do 

Corporation  ditch 
Davis  Creek 


Pit  River 


•E.  Lauer's  ditch - 
M.  Hugh's  ditch 
Rush  Creek 


Ash  Valley, 

....do 

do 

do 


Near  Likely 

do 

do , 

Near  Davis  Creek  P.  O. 


At  county  bridge,  Al- 
turas. 

Near  Alturas 

...'.do 

At  Round  Valley 


do 


Near  Pine  Creek  P.  O. 
....do 


do 

Pine  Creek 

do 

Canyon  Creek !  Near  Centerville 

Fitzhugh  Creek 

Willow  Creek 

do 


Pit  River 


Near  Alturas 

Near  Adin  . . 

do 


AtPitville. 


194 
189 

30 

27 

3.3 
8.7 
30 
2.4 

81 

1.4 
3 

12 

7.6 
7 
22 
3.8 
2.7 
5.6 
5 

30 


CIJLPP.] 
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AKsceUaneous  ineaauremerU*  in  San  Franciaco  Bay  drainage  basin — Continued. 

PIT  RIVER  DRAINAGE— Continued. 


Date. 


Hydrographer. 


1903. 
Sept   11  ,  H.  G.  Heisler. 


Sept.  10 

Sept.  9 

Sept  9 

Sept  8 

Sept  7 


do 
do 


Stream. 


Location. 


Dis- 
charge. 


Fall  River 

Hat  Creek 
Pit  River . 


.do Burney  Creek. 

do 

do 


Hatchet  Creek 

Montgomery  Creek. 


Sec.-/eet. 

At  bridge  near  Fall-     1,510 
river  Mills. 

At  Carbon  Bridge '      657 

At  Peck'flbridge,  above  I  2, 617 
mouth    of    Burney 
Creek. 


Below  Burney  Falls 
Near  Montgomery  . . 
At  Montgomery 


210 
10 
18 


AMERICAN  RIVER  DRAINAGE. 


1904. 
Jan.      6 

1903. 
May    12 

1904. 
Sept.   12 

Sept   14 

Sept   14 


S.  G.  Bennett..    North  Fork  ditch 


S.  G.  Bennett 


W.  B.  Clapp... 


do 


..do.. 


Folsom  canal 


South  Fork 


North  Fork. 


Middle  Fork 


2}  miles  above  Folsom . 


500  feet  below  heading. 


At  Morman  Island 
bridge,  4  miles  above 
Folsom. 

500  feet  above  j unction 
with  Middle  Fork, 
near  Auburn. 

i  mile  above  Auburn 
bridge. 


32 


1,466 


82 


69 


130 


STANISLAUS  RIVER  DRAINAGE. 


1903. 

Nov.   25 

S.  G.  Bennett.. 

Stanislaus  Water  Co.  *8 
ditch. 

Above  penstock  to  pow- 
er   house,    Knights 
Ferry. 

85 

Sept  23 

do 

do 

100    feet    below   pen- 
stock to  power  house, 
Knights  Ferry. 

61 

Nov.  25 

do 

do 

do 

41 

1904. 

Aug.   24 

0.  W.  Peterson. 

Schell  ditch 

Near    head.    Knights 
Ferry. 

7.4 

e>          *■ 
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Miscellaneous  measurements  in  San  Francisco  Bay  drainage  basin — Continued. 

TUOLUMNE  RIVER  DRAINAGE. 


Date. 

Hydrographer. 

stream. 

Location. 

Dfs- 
chargre. 

1903. 

Sec.'ffei, 

Sept. 

20 

S.  G.  Bennett . . 

Clavev  River 

Above  mouth  of  Two- 
mile  Creek,  Carter- 
Lake  Eleanor  trail. 

2.6 

Sept. 
Sept 

20 

do 

Twomile  Creek 

At  mouth 

.8 

20 

do 

Hull  Creek 

At   Carter-T/ike    Ele- 
anor trail  crossing. 

3.7 

Sept 

21 

do 

North  Fork  of  Tuol- 
umne River. 

Above  mouth  of  Basin 
Slope  Creek. 

2.9 

Sept 
Sept. 

19 
19 

do 

do 

Reed  Creek 

At  Roeasco  ranch 

Carter-lAke    Eleanor 
trail  crossing. 

2.6 

Cherry  River 

fl.6 

Sept. 

19 

do 

Eleanor  Creek 

One-half   mile  below 
Lake  Eleanor. 

1.0 

Sept. 

18 

do 

Tuolumne  River 

Above  mouth,  Hetch 
Hetchy  Valley. 

19.0 

Sept. 

18 

do 

Rancheria  Creek 

At    mouth,    Hetch 
Hetchy  Valley. 

1.3 

Sept. 
»  Sept. 

17 

do 

Tiltill  Creek 

Hetch  Hetchy  Valley. 

Lower  end  of  Hetch 
Hetchy  Valley. 

.2 

1? 

do 

Tuolumne  River 

23 

Sept. 

17 

do 

Middle  Fork  of  Tuol- 
umne River. 

Six  miles  from  Sequoia 
post-office. 

.8 

Sept  17 
1904. 

do 

South  Fork  of  Tuol- 
umne River. 

One     mile    above 
Sequoia  post-office. 

7.7 

June 

8 

0.  W.  Peterson. 

Mining  ditch 

Near  Lagrange  dam . . . 
do 

8.5 

Aug. 

22 

do 

do 

3.7 

MERCED  RIVER  DRAINAGE. 


1903. 

June  25 

Sept  15 

June  25 

Sept.  15 

June  24 

Sept  15 

June  24 


S.  G.  Bennett. 


do 
do 


.do 
do 

.do 
.do 


Tenaya  Creek 


do 

Illilouette  Creek, 

do 

Merced  River... 


do 

Yosemite  Creek 


At  Tassaack  Avenue 
Bridge,  Yosemite 
Valley. 

do 

Near  mouth  of  Yosem- 
ite V^alley. 

do 


At  bridge  near  Yosem- 
ite Valley  post- 
office. 

do 


At  wagon  bridge  below 
falls. 


159 

3.0 
228 

3.9 
1,135 

27 
119 


a  Estimated. 


CLAPP.] 


SAN    FRANCISCO    BAT   DRAINAGE   BASIN. 


185 


MiiceUantaus  meaauremenU  in  San  Francisco  Bay  drainage  bagin — Continued. 

MERCED  RIVER  DRAINAGE— ConUnued. 


Date. 


Hydrographer. 


1903. 
Sept  15     S.  G.  Bennett. 


June  25 

Sept  15 

Sept  13 

Sept  12 


do 

do 
do 
do 


Sept  12  ; do 


Sept  11 
Sept  11 


do 
do 


stream. 


Yoeemite  Creek. 


Bridal  Veil  Creek ... 

.....do 

Alder  Creek 

South  Fork    Merced 
River. 

Washburn  ditch 

BiK  Creek 


Location. 


At  wagon  bridge  below 
falls. 

At   Yosemite    road 
bridge. 

do 

South  Fork  Merced . . . 

1,000  feet  below  Wa- 
wona  Bridge. 

South  Fork  Merced . . . 

At  Summerdale 


Sugar  Pine  ditch South  Fork  Merced 


Dis- 
charge. 


Sec-feet. 
0.2 

O20 

fl2 
1.0 

1.5 

1.9 
3.2 
2.3 


SAN  JOAQUIN  RIVER  DRAINAGE. 


1903. 
Sept   11     S.  G.  Bennett. 


Sept     9 
Sept     9 


Soqual  ditch 


Chiquita  San  Joaquin 
San  Joaquin  River  . . . 


At  site  of  old  mill  o' 
Madera  Flume  and 
Trading  Co. 

At  mouth 


Below  mouth  Chiquita 
San  Joaquin. 


ft  3. 8 

10 

264 


KING  RIVER  DRAINAGE. 


190S 

^.  ; 

Sept. 

3 

Sept 

3 

190^ 

I. 

Mav 

m 

13 

May 

13 

May 

13 

May 

14 

May 

13 

S.  G.  Bennett. 
do 


S.  G.  Bennett 
and  I.  Teil- 
man. 

S.  G.  Bennett.. 


S.  G.  Bennett 
and  I.  Teil- 
man. 

S.  G.  Bennett.. 

do 


King  River 

North  Fork  of  King 
River. 

Gould  canal 


Church  ditch 

Fowler  Switch  canal. 

do 


One-half  mile   below 
mouth  of  North  Fork. 

At  mouth 


Centerville  and  Kings- 
buig  canal. 


At  Holland  flume,  } 
mile  below  head-gate. 

Near  I^ngriver  post- 
oflice. 

200  feet  below  road 
bridge,  near  King- 
river  post-office. 

do 

200  feet  below  Trim- 
mer Spring  road 
bridge,  near  King- 
river  post-office. 


332 
32 

260 

1,040 
476 

588 
727 


a  Estimated. 

ft  Total  flow  of  North  Fork  of  San  Joaquin  River  at  this  point. 
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.    MisrellaneouH  measurenients  in  San  Francisco  Bay  drainage  basin — Continued. 

KING  RIVER  DRAINAGE— Continued. 


Date. 

Hydro^rapher. 

stream. 

■ 

Location. 

1 

Dii»- 
char^e.               1 

Sec.-feet.               \ 

1903. 

May 

14 

S.  G.  Bennett.. 

*76  canal 

At  bridge  near   Car- 
melita. 

676 

May 

17 

do 

Peoples  ditch 

300  feet  below  head- 
gate  near  Kingsburg. 

483 

May 

14 

S.   G.  Bennett 
and  1.  Teil- 
man. 

Emigrant  ditch 

Near    head  works,     3 
miles  from    Kings- 
burg. 

114 

May 
May 

17 

S.  G.  Bennett.. 

Last  Chance  ditch 

Near  Laton 

297 

17 

do 

La  Gunada  de  Tacahe 
grant  canal. 

At  Laton 

227 

May 

16 

do 

Liberty  canal 

At    Lemoore    road 
bridge  crossing. 

55 

May 

17 

do 

Lower    King    River 
canal. 

Near  G  range ville 

180 

May 

16 

do 

Heinlen  cut 

50  feet  above  regulat- 
ing weir. 

1,298 

May 

16 

S.   G.  Bennett 
and  I.  Teil- 
man. 

Zelda  canal  slough . . . 

1,500  feet  below  Le- 
moore road. 

5,420 

May 

20 
19 

S.  G.  Bennett  . . 
do 

Mill  race  ditch 

Riverdale  canal 

Near  head 

20 

do 

May 
May 
May 

«1 

19 
19 

do 

do 

Burrell  ditch 

do 

4:^ 
45 

Waste  from  New  Riv- 
erdale ditch. 

Into     lower     King 
River. 

Total  New  Riverdale 
canal. 

Above  waste 

88 

May 
May 
May 

19 
19 
19 

do 

do 

do 

Turner  ditch 

Near  head 

8 
28 
38 

Reed  ditch 

do 

Crescent  canal 

Near  Wheatville 

May 

19 
3. 

do 

0 

Stimson  canal 

At    Elkhorn    road 
bridge  crossing. 

AGE. 

! 

175 

KAWEAH  RIVKR  DRAIN 

190 

Auff. 

31 

S.(i.  Bennett  .. 

Stony  Creek 

North    Fork   Kaweah 
trail  crossing. 

1.2 

Aug. 

31 

do 

Dorst  Creek 

At    North    Fork   Ka- 
weah trail  crossing. 

2.6 

o 

Aug.    28 
1904. 

do 

North  Fork  Kaweah . . 

8  miles  above  Three 
Rivers. 

7.3 

Sept 

20 

F.  R.  S.  Butte- 
mer. 

North  Fork  Kaweah 
River. 

300  feet  above  intake 
of  Schreibers  ditch. 

6.0 

a  Wa.ste:  water  shut  off. 
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Miteelianeous  mecuuremenU  in  San  Frandsco  Bay  drainage  Inuin — Continued. 

KAWEAH  RIVER  DRAINAGE— Continued. 


Date. 


Hjrdro^rapher. 


Stream. 


1903. 
Aug.   30  I  S.  G.  Bennett  . . 

1904. 

Sept  19     F.  R.  S.  Butte- 
mer. 
1903. 

Aug.    26 


S.  G.  Bennett  . 


Aug.    26  I do 


1904. 
Sept   16 


Sept.  22 


F.  R.  8.  Butte- 
mer. 

do 


Sept  15    do 


Sept  18 


Marble  Fork  Kaweah 
River. 

Marble  Fork  Keweah 
River. 

East    Fork    Kaweah 
River. 

do 


East    Fork    Kaweah 
River. 


Location. 


At    bridge,     Sequoia 
Park. 


At     bridge,     Sequoia 
Park. 


At  Mineral  King, 


Above  head  works  of 
Mount  Whitney 
Power  Ck>.'8  canal. 

Above  headworks  of 
Mount  Whitney 
Power  Co.' 8  canal. 

Middle  Fork  Kaweah  j  800  feet  above  intake, 
River.  j      Mount  Whitney 

Power  Co.' 8  canal. 


South  Fork  Kaweah 
River. 


Middle  Fork  Kaweah 
River. 


Above  intakeCahoon's 
ditch,  9|  milesabove 
junction  with  Mid- 
dle Fork. 

200  feet  above  junc- 
tion with  Marble 
Fork. 


TULE  RIVER  DRAINAGE. 


1903. 
June     9 


R.  S.  Hawlev... 


1904. 
Feb.     2  I  F.  W.  Huber . . 


South  ForkTule  River. 


South  ForkTuleRiver. 


Near  mouth 


Near  mouth 


KERN  RIVER  DRAINAGE. 


Aug.  22 

Aug.  22 

Aug.  21 

Aug.  21 

Aug.  20 


Little  Kern  River 


do 


North    Fork    Kern 
River. 

.do ,  Soda  Creek 

.do Nameless  Creek 

do I  Clark  Creek 


3  miles  below  mouth 
of  Shotgun  Creek. 

Above  junction  with 
Kern  River. 

Above  junction  with 
Little  Kern  River. 

3  miles  above  mouth.. 


Dis- 
charye. 


Sec-feet. 
8.7 


4.7 

5.3 
23 


34 


27 


7.1 


23 


35 


5.3 
25 

278 

2.4 
2.4 
2.9 
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Miscellaneous  measurements  in  San  Francisco  Bay  drainage  basin — Ck)ntinned. 

KERN  RIVER  DRAINAGE— Continued. 


Date. 

1903. 

Aug.  20 

Aug.  20 

Aug.  19 

Aug.  19 

Aug.  18 

Aug.  17 

Aug.  17 

Aug.  17 

Aug.  17 

Aug.  17 

Aug.  15 

Aug.  15 

Aug.  15 

Aug.  15 

Aug.  17 

Aug.  17 

Aug.  17 


Hydrographer. 


S.  G.  Bennett 

do 

do 

do 

do 

do 


.do 
.do 

.do 

.do 


stream. 


Location. 


Jackson  Creek 

Wade  Creek 

Tobias  Creek At  mouth 


Salmon  Creek.., 
Bull  Run  Creek 
Peterson  ditch  . 


Thurston  ditch. 


do 

Above  mouth 


Near  head,   above 
Kernville. 

do 


North  Fork  of  Kern  i  3  miles  above  Kern- 
River.  I      ville. 


Big  Blue  ditch 


Neal  &  Stavert's  up- 
per ditch. 

do Brown's  upper  ditch.. 

.do Brown's  ranch  ditch . . 

do Kernville  town  ditch . 

do Cook's  ditch 

.do Hooper  Mill  ditch 

do I  South  Fork  of  Kern 

River. 

Kern  River 


At  mill  above  Kern- 
ville. 

Above  Kernville 


Kernville 

Near  Isabella. 


Above  mouth  near  Is- 
abella. 

Below  mouth  of  South 
Fork,  near  Isabella. 


Dis- 
charge. 


Sec.-frft 
2.8 
2.6 
1.9 
1.8 
.8 
1.5 

1.9 
277 

25 

2.2 

15.3 

14.5 

0.7 

0.6 

8.9 

17 

254 


NORTHERN    PACIFIC^    OCEAN    DRAINAGE    BASIN. 


LOST   RIVER  AT   CLEAR   LAKE,  CAL. 

Discharge  vieasurenieyits  of  Ijost  River  at  Clear  Ijake^  Cal.,  in  1904- 


Date. 


Uydmgrapher. 


September  7  ... '  T.  H.  Humphreys. 
September  25  . . '  C.  T.  Darley 


OctoV>er  21 F.  S.  Chapman , 

November 6 C.  T.  Darley.. 

Deceml)er  9 do , 


Gage 
height 


Feet. 
4.95 
5.20 
5.15 
5.15 
5.18 


Dischanre. 


Second-ftrt. 
10.78 
16.00 
14.00 
17.60 
14.00 


CLAPP.] 
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Mean  daily  gage  height,  in  feet,  of  LoiU  River  at  Clear  Ixtke,  (hi.,  far  1904. 


Day. 


Sept. 


3. 
4. 
5. 
6. 

i  . 

9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 


6.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 


Oft. 

5.25 
5.25 
5.25 
5.25 
5.25 
5.25 
5.25 
5.25 
5.25 
5.30 
5.30 
5.30 
5.30 
5.30 
5.30 
5.30 


Nov. 

Dec. 

5.20 

5.20 

5.20 

5.20 

5.15 

5.10 

i 

5.20 

5.20 

5.15 

5.15 

5.15 

5.15 

6.15 

5. 15 

1 

5.20 

5.25 

5.15 

5.30 

5.20 

5.30 

Day. 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
'29 
30 
31 


Sept. 

5.00 
5.00 
5.00 
5.00 
5.00 
5.05 
5.10 
5.10 
5.20 
6.25 
5,25 
5.25 
5.25 
5.25 


Oct. 

Nov. 

Dec. 

5.25 

5.20 

6.26 

5.20 

5.20 
6.20 

5.30 

5.15 

5.15 

5.15 

5.20 

5.20 

5.20 

5.20 

6.10 

5.20 

5.10 

5.20 

5.10 


5.20 
5.20 


MILLER  CREEK   NEAR  LORELIJ^,  OREO. 
Ditcharge  mensttrements  of  Miller  Creek  at  Horsefly,  near  Jj>reUa,  Oreg. ,  in  1904. 

heSft.      Discharge. 


Date. 


Hydrographer. 


T.  H.  Humphreys. 
....do 


Jane  24 

July  7 

.\ogu8t  4 ' do 

Angu8t23 ' do 

September  27 do 

October  16 C.  T.  Darley 


Feet. 


November  19 


do 


6.10 
6.20 
6.25 


Second-feet. 

«15.00 

0  12.00 

«5.00 

«1.00 

1.71 

4.09 

7.26 


c  Estimated. 
3/ftin  daily  gage  height,  in  feet,  of  Miller  Creek  at  Hor»efly,  near  Lorella,  Oreg.,  for  1904. 


Day. 

Aug. 

Sept. 

6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 

Oct. 

6.10 
6.10 
6.10 
6.10 
6.10 
TB.10 
6.10 
6.10 
6.15 
6.15 
6.30 
6.30 
6.20 
6.15 
6.20 
6.20 
»_ 

Nov. 

6.10 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.15 
6.15 
6.15 
6.16 
6.15 
6.11 
6.11 

1 

Dec. 

6.20 
6.20 
6.16  , 
6.10 
6.10 
6.10 
6.10  j 
6.10 
6.10  1 

6.10  , 

1 



Day. 

1 

17 

2 

18 

3 

19 

4 

20 

5 

*** 

1  21 

6 

22 

7 

6.10 
6.10 
6.10 
6.10 
6.10 
6.10 
'  6.10 
6.10 
6.10 
6.10 

23 

8 

24 

9 

25 

10 

26 

11 

'  27 

12 

28 

13 

29 

U 

30 

15 

31 

16 

1 

Aug. 

6.10 
6.10 
6.10 
6.10 
6.10 
6.10 
6.05 
6.05 
6.05 
6.70 
6.70 
6.00 
6.00 
6.00 
6.00 


Sept. 


6.10 
6.10 
6.10 
6.10 


Oct. 

Nov. 

6.20 

6.10 

6.20 

6.30 

6.10 

6.20 

6.10 

6.20 

6.10 

6.20 

6.10 

6.20 

6.10 

6.20 

6.10 

6.20 

6.10 

6.20 

6.10 

6.20 

6.10 

6.20 

6.10 

6.20 

Dec. 


6.10 
6.10 
6.10 


6.20 
6.20 
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[NO.  134. 


LOST   SIVER  AT  MERRILL,  OREG. 

Discharge  me<uurements  of  Lo$t  Biver  at  Merrill^  Oreg.,  in  1904. 


Date. 


September  6  . . . 
September  26 . . 

October  20 

November  5  . . . 
November  27  . . 
December  17... 


HydrogT&pher. 


T.  H.  Humphreys. 

C.  T.  Darley 

T.  H.  Humphreys. 

C.  T.  Darley 

do 

do 


Gaxe 
height. 

Feet. 
3.55 
3.50 
3.50 
3.40 
3.48 
3.45 


DiaehaiKe. 

Second-feet. 
159 
163 
145 
147 
158 
147 


Day. 


Mean  daily  gojge  height^  infeetj  of  Lost  River  at  MerriUy  Oreg,^for  1904- 

Day. 


July. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 


Aug. 


3.70 
3.  TO 
8.70 
3.70 
8.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 


Sept.  I  Oct. 


3.60 
3.60 
3.60 
3.60 
3.60 
3.65 
3.66 
3.65 
3.65 
3.56 
3.66 
3.65 
3.65 
3.66 
3.65 
3.66 


3.66 
3.66 
3.66 
3.65 
8.65 
3.66 
3.56 
3.66 
3.65 
3.55 
3.66 
3.66 
3.65 
3.65 
3.65 
3.66 


Nov. 

1 
Dec.  ' 

3.60 

3.60 

3.60 

3.60 

3.60 

3.50 

3.50 

3.50 

3.50 

3.60 

3.60 

3.60 

3.60 

3.60 

3.60 

3.60 

3.50 

3.60 

3.60 

3.50 

3.50 

3.50 

8.50 

3.60 

8.50 

3.60 

3.50 

3.50 

3.50 

3.50 

3.50 

3.60 

17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 


July. 


3.70 
3.70 
3.70 
3.70 
3.70 
3.70 


Aug. 


Sept. 


3.70 
3.70 
3.70 
3.70 
3.70 
8.70 
3.70 
3.70 
3.70 
8.70 
3.60 
8.60 
3.60 
3.60 
3.60 


3.65 
3.65 
3.65 
3.66 
3.65 
3.65 
3.65 
3.66 
3.66 
3.56 
3.65 
3.65 
3.66 
8.56 


Oct. 


3.55 
3.56 
3.50 
8.50 
3.50 
3.50 
3.50 
3.50 
3.60 
3.60 
3.50 
3.50 
3.50 
3.60 
8.60 


Nov. .  Dec. 


I 


3.60 
3.50 
3.50 
8.60 
3.50 
3.60 
3.50 
3.60 
8.60 
3.60 
3.50 
3.50 
8.50 
3.50 


3.50 
3.60 
3.50 
3.50 
3.50 
3.50 
3.50 


KLAMATH  RIVER  AT  KENO,  OREO. 

Discharge  measurements  of  Klamath  River  at  Keno,  Oreg.j  in  1904. 


Date. 


May  31 

June  5 

June  18 

Au)2:u8tl2 

September  17 
September  28 
October  19... 
Novembers.. 
November  26. 


Hydrographer. 


J.  H.  Lewis  and  Ivan  Landis. 

do 

T.  H.  Humphreys 

do 

do 

C.  T.  Darley 

do 

do 

do .: 


15.15 
15.05 
14.65 
13.00 
12.40 
12.40 
12.50 
12.60 
12.65 


Diflcharge. 

Secoitd-fett. 
8,321 
8,230 
7,205 
2, 571 
1,791 
1,721 
1,900 
1 ,  938 
2, 161 


CLAPP.J 
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Mean  daily  gage  height^  in  feet,  of  Klamath  Hirer  at  KeiiOy  Oreg. ,  for  J 904. 


May.      June.      July.       Aujp.       Sept.       Oot.    I   Nov 


Day. 
1 

May. 

■> 

3 

1 

5 

6 

1 

ji 



9. 
10. 
11. 

12. 
13. 
14. 
15. 
16. 
17. 


15. 10 
15.10 
15. 10 
15.05 
15.00 
15.00 
15.00 
14.90 
14.90 
14.90 
14.90 
14.90 
14.80 
14.80 
14.80 
14.80 
14.70 

IH ' 14.70 

19 1 '    14.60 

20 14.60 

21 


14.60 

22 14.60 

23 14.50 

24 ' 14.50 

25 * 14.40 

26 1  14.40 

27 14.40 

2S ;  14.30 

2» 14.30 

» ! 14.20 

31 16.10 


14.20 
14.10 
14. 10 
14.10 
14.05 
14.00 
14.00 
14.00 
14.00 
13.90 
13.90 
13.90 
13.80 
13.80 
13.80 
13.80 
13.80 
13.80 
13. 70 
13.70 
13.70 
13.60 
13.60 
13.60 
13.50 
13.50 
18.50 
13.40 
13.40 
13.40 
13.40 


I 


13.30 
13.30 
13.30 
13.20 
13.20 
13.20 
13.10 
13.10 
13.10 
13.00 
18.00 
13.00 
13.00 
Id.  00 
13.00 
13.00 
12.90 
12.90 
12.90 
12.90 
12.90 
12.80 
12.80 
12.80 
12.80 
12.80 
12.70 
12.70 
12. 70 
12.70 
12. 70 


12.70 
12.60 
12.60 
12.60 
12.60 
12.60 
12.50 
12.50 
12.50 
12.50 
12.50 
12.40 
12.40 
12.40 
12.40 
12.40 
12.40 
12. 40 
12.40 
12.40 
12.40 
12.40 
12.40 
12.40 
12.40 
12.40 
12.40 
12.40 
12.40 
12.40 


12.40 
12.40 
12.40 
12.40 
12.40 
12.40 
12.40 
12.40 
12.50 
12.50 
12.50 
12.40 
12.40 
12.40 
12.40 
12.40 
12.50 
12.50 
12.50 
12,50 
12.60 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.60 
12.50 
12.50 


Nov. 

Dec. 

12.60 

12.70 

12.60 

12.70 

12.60 

12.70 

12.60 

12.70 

12.60 

12.70 

12.60 

12.70 

12.60 

12.70 

12.60 

12.70 

12.60 

12.70 

12.60 

12.80 

12.60 

12.80 

12.60 

12.80 

12.60 

12.80 

12.60 

12.80 

12.60 

12.80 

12.60 

12.80 

12.60 

12.80 

12.60 

12.80 

12.60 

12.80 

12.60 

12.80 

12.70 

12.80 

12.70 

12.80 

12. 70 

12.80 

12.70 

12.80 

12.70 

12.70 

12.70 

12.10 

,    12.70 

12.70 

KLAMATH   RIVER   AT   KLAMATH   FALLS,  OREG. 
Discharge  measurements  of  Klamath  Hirer  at  Klamath  Fhlls^  Oreg.,  in  1904. 


I>ate. 


Hydrograpiher. 


May  15 J.  H.  Lewis  and  Ivan  Landis , 

June? do 

Aagugt25 ,  T.  H.  Humphreys 

September  16.  J  C.  T.  Darley 

September  28 do 

October  18 do 

Novembers do 

I 

November  24 do 


DischaTge. 
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[no.  1M. 


Mean  daUy  gage  height,  in  feet,  of  Klamath  River  aJt  Klamath  Falls,  Oreg,,  for  1904- 


Day. 

May. 

1 

2 

8 

4 

6 

6 

7 

8 

9 ...^ 

10 

11 

13 

14 

-V    ..... 

15 

7.15 

7.10 

17 

7.10 

7.15 

19 

7.10 

7.10 

21 

7.10 

7.a') 

23 

7.00 

7.00 

26 

6.95 

26 

6.90 

27 

6.90 

6.90 

29 

6.85 

6.85 

31 

6.80 

CLAPP.] 
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8rKA(;UE   KIVER  AT   YAINAX,  OKEG. 
Mean  daily  gtuje  height,  infect,  of  Spragiie  River  at  Yainax,  Oreg.yfor  1904* 


Day. 


June. 


1 1 

18.80 

•> 

18.80 

s 

18.70 

1 
4 

18.70 

1 

18.70 

6 

18.60 

7 

18.60 

k 

18.50 

9 

18.50 

10 

18.40 

11 

18.30 

12 

18.20 

18.10 

14 

17.70 

15 

17.60 

16 

17.40 

17.40 

IS 

17.30 

19 

17.20 

20 

17.10 

16.11 

<« 

16.10 

2^ 

16. 10 

21 

16.90 

16.80 

26 

16.70 

27 

16.60 

2J< 

16.40 

16.20 

a) 

16.00 

31 

July.      Auk. 


14.11 
14.11 
14.11 
14.10 
14.10 
14.90 
14.80 
14.80 
14.70 
14.70 
14.60 
14.80 
14.50 
14.40 
14.40 
14.30 
14.30 
14.30 
14.60 
14.60 
14.80 
14.80 
14.80 
14.70 
14.60 
14.50 
14.60 
14.40 
14.40 
14.60 
14.50 


14.60 

14.60 

14.80 

14.80 

14.70 

14.70 

14.80 

14.80 

14.80 

14.70 

14.70 

14.70 

14.60 

14.60 

14.50 

14.60 

14.50 

14.60 

14.60 

14.50 

14.50 

14.50  i 

14.40 

14.40 

14.40 

14.40 

14.40 

14.40 

14.30 

14.90 

14.30 


Sept. 

Oct. 

Nov. 
18.80 

Dec. 

14.20 

13.11 

14.50 

14.20 

13.11 

13.80 

14.60 

14. 20       13. 11 

18.90 

14.60 

13.11 

13.90 

14.60 

14.00 

13.90 

14.60 

14.10 

1 

13.90 

14.50 

14.00 

13.90 

14.50 

14.1C 

13.10 

14.60 

14.10 

13.10 

14.60 

14.20 

13.10 

14.60 

,    14.30 

13.11 

14.60 

14.10 

.13.11 

14.60 

("**'**■* 

14. 10 

13.11 

14.60 

14.00 

14.00 

14.70 

14.00 

14.00 

14.70 

1 

14.00 

14.10 

14.70 

14.00 

14.20 

14.80 

14.00 

14.20 

14.80 

13.11 

14.20 

14.70 

13.10 

14.20 

14.70 

'...•..•• 

13.10 

14.20 

14.60 

1 

1 

1 

13.10 

14.40 

14.60 

i>«>*«>»> 

13.90 

14.40 

14.50 

1 

18.90' 

14.30 

14.50 

13.90 

14.30 

13.80 

14.90 

13.80 

14.40 

1 

13.80 

14.40 

(,., 

13.70 

•  14.50 

13.70 

14.60 

13.80 

1 

1 

UPPER   KLAMATH   LAKE    NEAR   PELICAN,    OREG. 

Mean  daily  gage  height,  in  feet,  of  Upper  Klamath  Txike  near  Pelican,  Or  eg.,  fttr  1904. 


Dttv. 


1. 

2, 

3. 
4. 

5. 
6. 
7. 

9. 
10, 

u. 

12. 
13. 
14. 
15. 
16. 


May. 


5.70 
5.66 
5.66 
5.60 
6.60 
5.56 
5.60 
5.00 
6.45 
5.40 
5.35 
6.30 
5.25 
6.20 
5.20 
5.15 


July. 

Anjf. 

Sept. 

4.60 

3.86 

3.40 

4.55 

3,85 

3.B6 

4.50 

3.85 

3.40 

4.50 

3.75 

3.40 

4.45 

3.75 

3.40 

4.66 

3.80 

3.35 

4.46 

3.86 

3.40 

4.30 

3.85 

3.40 

4.35 

3.85 

3.40 

4.40 

3.70 

3.30 

4.20 

S.&5 

3.35 

4.90 

8.70 

3.40 

4.35 

3.75 

3.a5 

4.30 

3.70 

3.35 

4.20 

8.75 

8.86 

4.20 

8.65 

3.40 

Oct. 

3.40 
3.35 
3.35 
3.30 
3.30 
3.25 
3.90 
3.30 
3.40 
3.45 
3.60 
3.46 
3.40 
3.36 
3.30 
3.30 


Day. 


17 

18, 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 


May.  iJunc. 


,1 


6.80 
5.80 
6.76 
5.70 


5. 10 
5.05 
5.00 
4.95 
4.90 
4.86 
4.80 
4.75 
4.70 
4.70 
4.70 
4.65 
4.60 
4.60 


July. ,  Aug.   Sept. 


4.15 
4.20 
4.10 
4.10 
4.05 
4.05 
4.05 
4.00 
4.05 
3.95 
8.90 
8.96 
3.95 
3.85 
8.90 


3.50 
3.65 
3.50 
3.45 
3.46 
3.45 
3.40 
3.40 
3.40 
3.45 
3.40 
3.36 
3.40 
3.40 
3.45 


3.40 
3.36 
3.35 
3.50 
3.40 
3.50 
3.60 
3.60 
3.65 
3.50 
•  3.50 
3.45 
3.50 
3.40 


Oct. 


8.36 
3.30 
3.40 
3.45 
3.50 
3.46 


OR  134—05 13 
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[NO.  131. 


TULE   LAKE   NEAR   MERRILL,  OREG. 

Mean  daily  gatje  heifjht,  infeeij  of  l\ile  Ijike  near  MerrUi^  Oreg.^ftJT  J!f04. 


1 

Day. 

May. 

June. 

July. 

Aug. 

Sept. 

1 
Oct.    1 

Nov. 

1 

Dt-c. 

2                                            

8.80 

3                              

4                                            

8.50 

5                       

6 

t               i  """ 

7                , 

; 

'••-■• ' 1 

8 1 

1         1 

1 
9                      

' 

8.80 

10                             

10.40 

........  ........ 

11           .    

9.00 

12 

■ 

1 

r. •--.... 

■ 

13          



1 
t 

14 

15 

• 

1 

9.40  , 

1 

8.65 
1. ....... 

16 

10.10 

17 

10.50 

18 

8.90 

1 

^  ^ 

1 

20 ^ 

1 

■ 

22 

'      9.25 

23 

1 

24 i 

26. 

26. 
27. 
28. 


29 ■    10.70 


30. 
31. 


9  10 


MISCELLANEOUS   MEASUREMENTS   IN   KLAMATH    RIVER    DRAINAGE   BASIN. 

[By  T.  H.  Humphreys,  J.  II.  Lewis,  and  C.  T.  Darley.] 
MiK'dlaneouH  meaimremeutH  in  Klamath  River  drainage  lm»in. 


Date 


(jage 
height. 


StHMiin. 


Ixjcation. 


1903.                  F€tt 
Oi!t()l)er  24 « Klamath  Kiver. 


Klamathon 


At  head 


1904. 

June  14 Antelope  Gret^k 

June  13 1  liutte  Creek '  \  mile  above  Wm.  Bray's 

I  house,  Cal.                      1 

June  15 do 1  mile  above    Boyce  j 

I                I  ranch,  Cal.                     ] 

«  Measurement  ma<ie  l>v  H.  E.  Green.  ^  Estimated. 


Dis 
ehanro. 


Hec.-Jfti. 
2, 0(X) 

ft  155 
148 

124 
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Mi^tceUaneous  ineagureinents  in  KUimaih  Rirer  drahiage  btmn — Continued. 


Date. 


Gage 
height. 


Stream. 


Feet. 


Little  Shasta 


Ankney  canal 
....do 


19(H. 

Junes 

June  8 

August  15 

August  15 .do 

I 
August  15 do 

August  27 do 

August  27 1 do 

August  27 do 


Location. 


AugU8t27 I  Lateral    of    Ankney 

canal. 


Mav  20 


Miller  Creek 


Octoljer  2 Adams  ditch 


ilay23. 
June  10. 
May  19. 
May  21. 

June  12. 
May  25. 

May  26. 
May  22. 


5.8 

4.9 

8.9 

12.4 

10.9 


Lost  River 

do 

do 

Sprague  River. 

do 


Williamson  River  . . . 


I  Wood  River  . . 

9.3  '  Sprague  River. 


Table  Rock,  Cal 

Klamath  Falls,  Greg 

do 

7  miles  below  intake, 
Klamath  Falls,  Greg. 

Klamath  Falls,  Greg 

do 

do... 

7  miles  l)elow  intake, 
Klamath  Falls,  Greg. 

Klamath  Falls,  Greg . . . 

Lorella,  Greg 

Merrill,  Greg 

Glene,  Greg 

.do 

Langells  Valley,  Greg . 

10  miles  above  Yainax, 
Greg. 

do 

Bridge  near  junction 
with  Sprague  River, 
Greg. 

Fort  Klamath,  Greg 

5  miles  below  Yainax, 
Greg. 


Dis- 
charge. 


Scc.-feet. 

117 

32 

48 

37 

40 
43 
29 
33 

4.8 

326 
26 
961 
322 
746 
2,075 

1,081 
2,091 

450 
3,915 


MISCELLANEOUS    MEASUREMENTS  IN   NOKTHEKN    PACIFIC   OCEAN    DRAIN 

AGE   BASIN." 

Miscellaneous  measurements  in  Northern  Pacific  Ocean  drainage  fxmn, 

MAD  RIVER  DRAINAGE. 


Date. 


Hydrographer. 


Stream. 


Location. 


Dis- 
charge. 


1903. 
Oct.     20 


I 


S.  G.  Bennett 


Mad  River Vance,  Cal 


Sec-feet. 
53 


a  In  this  Hvstem  are  included  streaims  which  dmiii  directly  into  the  Pucillc  Ocean. 
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Miscellaneowi  mentturemenbi  in  Northern  Pacific  Ocean  drainaye  basin — Continued. 

EEL  RIVER  DRAINAGE. 


Date. 

Hydro^rapher. 

S.  G.  Bennett . . 

stream. 
Eel  River 

Location. 
Stingleys  station 

Dis- 
'  chaiKe- 

1903. 
Oct.     21 

Sec 'feet, 
189 

RIJSSIAN  RIVER  DRAIN 

AGE. 

Healdsbnrg 

1903. 
Jan.    22 

S.  G.  Bennett . . '  Russian  River 

628 

PAJARO  RIVER  DRAINAGE. 

1904. 
Dec.     13 

fW.  B.  Clapp... 
\Geo.  Senger  . . . 

1 
>San  Benito  River 

fKehlo  ranch,  7  miles 
\    above  Hollister. 

1         1.6 

THE  GREAT  BASIN  DRAINAGE. 

Under  this  head  is  comprised  a  limited  area  of  arid  country  in  Cal- 
ifornia lying  on  the  eastern  slope  of  the  Sierra  Nevadaa.  These  areas 
include  the  Susan  and  Owens  river  drainage  basins.  Having  no  outlet 
to  the  sea,  the  entire  drainage  of  these  basins  is  lost  mainly  through 
evaporation  from  the  lakes  and  sinks  in  which  the  waters  of  these 
rivers  collect. 

Susan  River  has  its  source  in  the  Sierra  Nevada  in  northeastern  Cal- 
ifornia, and  flows  eastward,  discharging  into  Honey  Lake — one  of  the 
landlocked  lakes  of  the  Great  Basin — of  which  it  is  the  principal  feeder. 
A  considerable  area  of  land  is  irrigated  from  the  waters  of  the  river 
below  the  gaging  station,  and  during  the  last  ten  or  twelve  years 
several '  projects  have  been  started  for  irrigating  other  extensive 
areas  by  the  storage  of  its  waters  both  above  and  below  the  town  of 
Susan  ville. 

Owens  River  has  its  source  in  the  Sierra  Nevada  in  eastern  Cali- 
fornia, and  flowing  southerly  parallel  with  this  range  its  discharge  is 
gradually  increased  b}'^  numerous  tributaries  until  it  finally  discharges 
into  Owens  Lake.  A  considerable  area  of  land  is  irrigated  from  tJie 
waters  of  the  river  and  tributjiries.  Numerous  gaging  stations  are 
maintained  on  the  river,  canals,  and  creek,  and  during  the  last  two 
yeara  extensive  investigations  have  been  made  by  the  Reclamation 
Service  of  the  United  States  Geological  Survey  for  the  construction 
of  storage  reservoirs  and  an  irrigation  system. 

The  following  pages  give  the  results  of  data  collected  at  these  sta- 
tions during  1904: 
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SUSAN   BIVKR  NEAR  SU8ANVIL.LE,  CAL. 

This  station  was  established  June  3,  19(K),  by  L.  H.  Taylor,  at  which 
time  a  temporary  gage  was  installed  on  the  right  bank.  It  is  located 
about  three-fourths  of  a  niile  southwest  of  Susanville,  at  the  electric- 
light  plant.  A  short  distance  above  the  station  a  small  irrigating 
ditch,  known  as  the  '^Masten  ditch,"  is  taken  out  on  the  right  bank. 
There  is  a  flume  near  its  head  in  which  a  gage  has  been  placed.  On 
December  20,  1903,  the  station  at  the  electric-light  plant  was  reestab- 
lished by  H.  E.  Green.  A  new  gage  was  set  which  was  made  to  read 
2  feet  more  than  original  gage.  A  cable  was  installed  for  high-water 
measurements.  The  initial  point  for  soundings  is  a  post  in  the  fence 
in  line  with  the  cable.  The  cable  support  on  the  left  bank  is  34.8  feet 
from  the  initial  point  for  soundings.  The  channel  is  straight  for  150 
feel  alx)ve  and  for  250  feet  below  the  cable.  The  current  is  swift. 
There  is  a  riffle  immediately  above  the  cable.  The  right  bank  is  high 
and  is  composed  of  clay  covered  with  vegetation.  It  is  not  liable  to 
overflow.  The  left  bank  is  low,  liable  to  overflow,  and  is  covered 
with  a  sparse  growth  of  willows.  The  bed  of  the  stream  is  composed 
of  gravel  and  cobblestones  and  is  permanent.  Bench  mark  No.  1  is  a 
nail  in  the  fence  post,  which  is  used  as  the  initial  point  for  soundings. 
Its  elevation  is  11.35  feet  above  the  zero  of  the  gage.  Bench  mark 
No.  2  is  a  nail  in  the  cable  post.  Its  elevation  is  9.00  feet  above  the 
zero  of  the  gage.  Bench  mark  No.  3  is  a  nail  in  the  cottonwood  tree 
to  which  the  cable  is  attached.  Its  elevation  is  10.00  feet  above  the 
zero  of  the  gage.     The  gage  is  read  once  each  day  by  James  Branham. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

IHsckarge  measurements  of  Susan  River  near  Susanville^  Cal.y  in  1904- 


Date. 


Hydrographer. 


February  21 '  James  Branham 

Febniarv  28 I do 

Mareh29 do 


June  16. 


S.  G.  Bennett  and  J.  S.  Evans 


Jane  29 James  Branham. 

July  .31 do 

August  10 do •_ . . . 


September  11 
October  25... 


do 


Gage 
height. 


W.  B.  Clapp  and  J.  Y.  Toler, 


Discharge. 


Feet. 

Second-feet. 

5.30 

106 

6.40 

298 

7.55 

716 

5.60 

180 

4.95 

96 

4.20 

27 

4.50 

53 

3.85 

11 

4.10 

23 
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Menn  daily  gage  heigjitj  in  feet ^  of  Sum)}  River  near  SuMinrille^  CaL^for  1904. 


Day. 

1 

Jan. 

4.30 
4.25 
4.25 
4.25 
4.20 
4.20 
4.20 
4.20 
4.20 
4.25 
4.30 
4.30 
4.30 
4.30 
4.25 
4.25 
4.25 
4.25 
4.25 
4.30 
4.30 
4.30 
4.30 
4.30 
4.30 
4.30 
4.25 
4.20 
4.20 
'    4.20 
■    4.20 

1 
Fe»). 

Mar. 

6.20 
6.80 
7.00 
7.56 
7.20 
7.45 
7.80 
8.70 
7.75 
7.50 
7.00 
6.70 
6. 45 
6. 55 
6.70 
6.35 
7.85 
8.80 
9.00 
8.46 
7.75 
7.45 
7.10 
6.80 
6.70 
6.66 
6.70 
7.85 
7. 55 
7.30 
6.95 

Apr. 

6.85 
6.90 
6.90 
7.a5 
7.00 
7.15 
7.15 
7.30 
7.45 
7.80 
8.a5 
8.25 
8.60 
8.80 
8.95 
8.50 
8.25 
8.25 
8.30 
7.75 
7. 45 
7.26 
7.a5 
6.90 
6.85 
6.80 
6.75 
6.65 
6.65 
6. 25 

May. 

6. 25 
6. 15 
6.16 
6.20 
6.30 
6.85 
7.30 
7.35 
7.50 
7.55 
7.80 
7.95 
8.15 
8.20 
8.10 
8.a5 
7.90 
7.85 
7.5.=) 
7.40 
7.40 
7.30 
7.30 
7.30 
7.20 
7.05 
6.80 
6.70 
6.50 
6.40 
6.25 

June. 

6.  iX) 
6.00 
5.95 
5.90 
5.90 
5.80 
5.80 
5.  75 
5.70 
6.70 
5.60 
5.50 
5. 50 
5.50 
6.45 
5.50 
5.50 
5.40 
6.40 
5.35 
5.30 
5.30 
5.30 
5.30 
5. 20 
5.10 
6.00 
5.00 
4.90 
4.90 

July. 

4.90  ' 
5.20 

1 

5.20 

5.20  ' 

5.10 

5. 15 

5.10 

4.&5 

4.50 

4.50 

4.40 

4.40 

4.35 

4.30 

4.30 

4.30 

1.30 

4.30 

4.30 

4.30 

4.25 

4.20 

4.20 

4.30 

1.60 

4.55  ' 

4.50 

4.46 

4.45 

4.40 

4.25 

Aug. 

4. 10 

4.10 

4.05 

4.20 

4.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4.40 

4.40 

4.40 

4.40 

4.40 

4.  10 

4.40 

4.40 

4.40 

4.40 

4.40 

4.40 

4.40 

4.40 

4.40 

4.26' 

4.00 

4.00 

3.95 

3.90 

3.90 

.Sept. 

3.90 
3.85 
3.80 
3.80 
3.80 
3.80 
8.80 
3.80 
3.80 
3.80 
3.90 
3.95 
3.95 
3. 95 
3.95 
3.95 
3.96 
3.95 
4.00 
4.00 
4.  CO 
4.00 
4.20 
4.40 
4.30 
4.20 
4.10 
4.10 
4.05 

4.  as 

Oct. 

4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.10 
4.10 
4.10 
4.20 
4.55 
4.40 

4.:«) 

4.30 
4.20 
4. 25 
4.25 
4.20 
4.20 
4.15 
4.15 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 

Nov. 

4.10 
4.20 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.20 
4.20 
4.15 
4.16 
4.15 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.25 
4.20 
4.20 
4.20 

Dtf. 

1 

4.20 
4.20 
4.20 
4.20 
4.25 
4.25 
4.25 
4.25 
4.25 
4.25 
4.25 
4.30 
4.30 
4.30 
5.60 
9.00 
^.70 
6.20 
5.65 

.    5.35 
5.85 

:     9.90 

'    7.85 
9.65 
8.20 
7.60 

'    6.95 
6.40 
6.20 

4.:j0 

2 

4.  :K) 

8 

4  'HI 

4 

^ 

4.10 

5 

4.10 

6 

4.10 

7 

4.10 

8 

4.10 

9 

4.  1(1 

10 

4.  lU 

11 

1.  U'> 

12 

4.  U') 

13 

4.10 

14 

1.  lU 

15 

16 

4.10 
4,10 

17 

4.(6 

18 

19 

20 

4.ur> 

4.00 

4.M) 

21 

4.(.^ 

mtm.  .............. 

22 

4.(iO 

28 

4. 05 

24 

4.05 

25 

'      4.  (ft 

26 

4.10 

27 

28 

29 

30 

81 

4.10 
4.10 
4.10 
7.  rX) 
5.  4.1 

Estimated  mojiildy  discharge  of  Susan  River  near  Susanvilkj  Cat.,  1904. 

[Drainage  area,  266  square  miles.] 


Month. 


January  . . . 
February  -• 

March 

April , 

May 

June 

July 

Auj?U8t 

Septeinl^r 
0(:tol)er  . . 
Noveml)er 
Decern  Ijer 


The  year 


Discharge  in  seeond-feet. 

Total  in 
acre-feet. 

Runn 

Second-feet 

per  square 

mile. 

^ff. 

Maximum. 

Minimum. 

Mean.  • 

Depth  in 
inches. 

80 

24 

27 

1,660 

0.11 

0.13 

1,750 

24 

849 

20, 075 

1.86 

1.47 

1,800 

800 

62i) 

;W,  676 

2.46 

2.84 

1,275 

812 

695 

41,855 

2.71   . 

:^.  02 

9(K) 

288 

(KK) 

36, 893 

2.84  • 

2.70 

262 

80 

160 

9, 521 

.62 

.t«* 

116 

27 

51 

3, 186 

.20 

.  28 

42 

13 

81 

1,906 

.12 

.14 

86 

10 

16 

952 

.06 

.07 

46 

16 

22 

1,858 

.09 

.10 

27 

20 

21 

1,250 

.08 

.09 

725  ' 

1 

16 

47 
221 

2,890 
15^,667 

.18 

.21 

1,750  ' 

10 

.86 

11.69 

CLAFP.J 


THE    GREAT    BASIN    DRAINAGE. 


199 


WILLOW   CREEK    AT   MBRRILLVILLE,  (^AL. 

This  station  was  est  il)lishe(l  June  18,  19()4,  by  S.  (J.  Bennett.  It  is 
located  at  old  liridj^e  100  feet  above  {)reseiit  wagon  l)ridge.  The  gaj^e 
is  a  2  by  4  inch  vertical  rod  fastened  to  the  left  end  of  the  bridge.  It 
Ls  read  once  each  day  by  R.  W.  Ilurlbut.  Discharge  measurements 
are  made  from  the  bridge.  The  initial  point  for  soundings  is  on  the 
left  bank  of  the  stream.  The  distance  across  stream  is  marked  on  the 
foot  bridge  at  intervals  of  2  feet.  The  channel  is  straight  ateve  and 
l^low  the  bridge  for  a  distance  of  100  feet.  The  banks  on  each  side 
are  low,  but  not  subject  to  overflow,  as  there  is  very  little  fluctuation 
in  the  di.scharge  of  the  creek.  The  bed  of  the  stream  is  composed  of 
gravel  and  is  not  subject  to  much  change. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  me<uturemnitit  of  WiUow  Creek-  at  MerrillvUley  (hi.,  1904. 


Date. 


Hyclrographer. 


June  18 S.  G.  Bennett 

July  17 ,  James  Branhani 

August  29 ! do 

October  25 J.  Y.  Toler  and  W.  B.  Clapp. 


height. 

Discharge. 

Ftet. 

Sfiuind-fcfi. 

1.00 

19.0 

.95 

14.9 

i.a5 

17.9 

1.07 

19.  .S 

3/iftin  (iuUy  gage  height,  in  feet,  of  WUlauj  Creek  at  MfrrillviUe,  Cal.,for  1904. 


1 
•» 


o 

xf 


I    . 

H  . 

9. 

10. 

n . 

1-2. 
13. 
li 
15 

ir> 

17 
IM 
19 
20 
21 
22 


Day. 


July.      Aug.       Sept. 


Oct.    I    Nov. 


Dec 


1.00 

1.00 

1.00 

i.a5 

1.10 

1.10 

1.00 

1.00 

1.10 

i.a5 

1.10 

1.10 

1.00 

i.a5 

1.10 

1.0;> 

1.10 

1.05 

1.00 

1.00 

1.05 

1.05 

1.10 

1.05 

1.00 

1.00 

i.a^i 

1.05 

1.10 

1.05 

1.05 

1.00 

1.05 

1.10 

1.05 

1.05 

1.00 

.95 

1.10 

1.10 

1.10 

1.05 

1.00 

1.05 

1.05 

i.a5 

1.05 

1.05 

1.00 

1.05 

1 .  or. 

1.10 

1.10 

1.10 

.95 

1.00 

1.10 

1.10 

1.10 

i.a5 

1.10 

1.00 

i.a-» 

i.a5 

1.10 

1.U5 

1.15 

1.00 

1.00 

1.05 

1.10 

1.06 

1.20 

1.00 

1.00 

1.05 

1.10 

1.10 

1.10 

1.00 

1.05 

1.10 

1.10 

1.10 

1.10 

1.00 

i.a5 

1.20 

1.10 

1.C5 

1.10 

1.00 

i.a5 

1.10 

1.10 

1.05 

1.00 

i.a5 

1. 05 

1.05 

i.a'i 

1.05 

1.00 

1.00 

i.a5 

1.05 

1.10 

1.05 

1.00 

1.00 

1.00 

i.a5 

1.10 

i.a5 

l.CK) 

1.00 

1.00 

1.05 

1.10 

1.0) 

1.05 

1.00 

1.05 

1.05 

1.10 

1.06 

1.00 

1.00 

.     i.a') 

LOT) 

1.10 

1.05 
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Mean  daily  gage  height,  in  feet,  of  WiUmv  Creek  at  MerrillvUle,  Cal.,for  1904 — Continued. 


Day. 


23 
24 
25 
26 
27 
28 
29 
% 
81 


July. 


Aug. 


1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
l.O) 
1.00 
1.00 


1.00 
1.00 
1.06 
1.00 
1.00 
1.00 
1.00 
1.05 
1.00 


Sept.   I    Ck;t.       N<iv 


1.10 
1.10  ' 
1.10 

1.06  i 
1.05  i 
1.05  I 
1.00 


1.05 

i.ai 

1.05 
1.05 
1.10 
1.05 
1.10 
1.10 
1.10 


1.05 

1.06 

1.05 

1.05 

1.10  < 

1.10 

1.10 

1.10 


VK-c. 


1. 10 
1.10 

i.a'. 

l.UO 
l.tfS 

l.tf» 

1.-20 
1.70 

i.ao 


Estimaled  vumthhj  discharge  of  Willow  (Jreek  at  Merrillmlle,  Ckil.j  for  1904- 


Discharge  in  second-feet. 


Month. 


I  1 

Maximum.  '  Minimum.       Mean. 


Total  in 
acre-feel. 


July 

August 

September 

October 

November 

December 

The  period 


22 

17 

19 

17 

20 

18 

22 

1 

19  1 

1 

20  I 

50  ! 


19 
19 


19  1 

18 

19 

19 

20 

20 


1,16S 
1,107 
1, 131 
1,16s 
1,190 
1,23^) 


50 


17 


19 


6,994 


OWENS   RIVER   NEAR   ROUND   VALLEY,    CAL. 

This  station  was  established  bv  J.  C.  Clausen,  assisted  bv  R.  S.  Haw- 
ley,  on  August  3, 1903.  It  is  located  at  the  footbridge,  700  feet  above 
the  junction  of  Owens  River  and  Rock  Creek.  The  river  at  this  point 
cuts  through  a  lava  deposit  about  100  feet  thick  and  forms  a  gorge 
which  is  about  250  feet  wide  at  the  top.  The  gage  is  a  1  b}^  4  inch 
vertical  rod,  fastened  to  the  concrete  bridge  abutment  on  the  left  bank. 
It  is  read  once  each  day  b\"  Roscoe  Jones.  Discharge  measurements 
are  made  from  the  single-span  foot])ridge  to  which  the  gage  is  attached. 
The  bridge  is  87  feet  long  and  has  a  clear  span  of  35  feet.  The  initial 
point  for  soundings  is  the  anchor  bolt  of  the  right  abutment.  The 
channel  is  straight  for  176  feet  above  and  for  250  feet  below  the  station. 
The  current  is  swift  at  all  stages.  lioth  banks  are  high  and  rocky  and 
are  not  liable  to  overflow.  The  bed  of  the  stream  is  composed  of  roi*k 
and  lava  bowlders  and  is  not  subject  to  nuich  change.  The  bench  mark 
is  a  bolt  set  in  a  lava  bowlder  97.4  feet  north  of  the  right  abutment. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  hydrogi-aphers. 
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DUcfuirye  measurements  of  (Mt^eus  Rii^er  near  Round  Valley y  Oal,^  in  1903  and  1904, 


Date. 


Hydrofrmpher. 


1903.  ! 

Augufit  3 1  R.  S.  Hawley 

AugQst9 do 

August  18 do 

August  22 do 

September  1 do 

September  12 do 

October  8 do 

October  25 do 

Xovember24 do 

December  29 do 


1904. 

Jano&ry  25 R.  S.  Hawley 

March  2 do 

Martth28 , do 

April  8 E.  C.  Murphy,  S.  G.  Bennett,  and  R.  S.  Haw- 
ley. 

April  27 R.S.  Hawley 

June  2 do 

Jane  15 do 

July  13 J.  C.  Clausen  and  L.  M.  Barnes 

Aognst  3 L.  M.  Barnes 

September  9 . . .    R.  S.  Hawley 

October  13 R.  S.  Hawley,  W.  B.  Clapp,  and  R.  J.  Taylor 

November  12  ..    R.  J.  Taylor 

Deceml)er  6.  •. do 


Ciagc 
height. 


1.80 
1.85 
1.75 
1.75 
1.74 
1.80 
1.85 
1.82 
1.88 
1.70 

1.80 
2.20 
2.85 
1.87 

1.82 
2.57 
3.10 
2.55 
2.40 
2.01 
2.25 
2.00 
1.85 


DiwhaTfre. 


Second-feet. 
161 
160 
159 
160 
159 
175 
185 
173 
196 
151 

184 
270 
458 
186 

190 
383 
564 
380 
324 
232 
269 
218 
155 
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[NO.  IBL 


Mean  daily  gage  fieiglii,  in  feet,  of  Oivens  River  near  Round  Valiey,  Col., /or  190S  and  J 904. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

1903. 

1 

2 

3 

4 

....... 

1.80 
1.80 
1.80 
1.80 

6 

- 

6 ' ' 

1          1 

7..  . ' 

1 

8..,.:::::::::: i 

1.80 

9 ' 

1.85 
1.80 

10 

, 

11 

1.80  1 

12 ' 



1.90  ' 

13 ! 

t 

1.90 
1.90 
1.80 
1.80 

14 

1 

•  .  J^  •  .  . 

16 ' 

, 

16 

17 

1 

•••■■•• 

1.80 

18 

1.75 

19 1 

1.75 

20 

1.75 

21 ' 

1 

1.6H 
1.T2 
1.80 
1.75 
1.80 
1.80 
1.78 

22 

23 ' 

1 

24 ' 

25 

**' 1 

28 

27 

28 , 

1.72  ! 

S::::: : :::: 

.......^. ..| 

1.70  , 

30 

^ 

1.70 

31 

' 

1.70 

19(M. 

1 

1.70 

1.85 

2.20 

2.00 

1.80 

2.60 

3.00 

2.70 

2 

1.70 

1.85 

2.20 

2.00 

1.80 

2.60 

2.90 

2.60 

3 

1.70 
1.^70 
1.70 
1.70 

1.80 
1.85 
1.85 
1.80 

2.20 
2.20 
2.20 
2.20 

2.00 
1.90 
1.90 
1.90 

1.80 
1.80 
1.86 
1.90 

2.80 
2.90 
2.90 
3.00 

3.00 
3.00 
3.00 
8.00 

2.50 

4 

2.50  1 

5 

2. 45 

6 

2.40 

7 

1.70 

1.80 

2.10 

1.90 

1.95 

3.00 

2.90 

2.50 

8 

1.70 

1.80 

2.10 

1.90 

2.00 

2.90 

2.90 

2.60 

9 

1.70 
1.70 
1.70 
1.70 
1.70 

1.85 
1.85 
1.90 
1.90 
1.90 

1.90 
2.00 
2.00 
1.90 
1.90 

1.90 
1.90 
1.90 
1.90 
2.00 

2.00 
2.10 
2.10 
2.20 
2.20 

2.90 
8.00 
3.00 
3.00 
8.00 

2.90 
2.90 
2.85 
2.M5 
2.90 

2.70 

10 

2.70 

11 : 

2.60 

12 

2.60 

13 

2.60  1 

14 

1.70 

2.00 

1.90 

2.10 

2.20 

3.00 

2.80 

2.60  1 

15 

1.70 
1.70 

1.95 
2.50 

2.20 
2.20 

2.00 
2.00 

2.40 
2.50 

3.10 
3.40 

2.60 
2.60 

2  45  ! 

16 

2.55 

17 

1.70 

2.25 

2.20 

1.90 

2.50 

3.40 

2.55 

2.50  . 

18 

1.70 

1.95 

2.20 

1.90 

2.50 

3.30 

2.55 

2.45 

19 

1.70 

1.90 

2.20 

2.00 

2.50 

3.30 

2.50 

2.40 

20 

1.70 

2.00 

2.20 

1.90 

2.40 

3.40 

2.50 

2.25 

21 

1.70 

1.95 

2.20 

1.90 

2.40 

3.30 

2.50 

2.30 

22 

1.70 

2.00 

2.20 

1.90 

2.40 

3.30 

2.65 

2.26 

23 

1.70 

2.30 

2.20 

1.90 

2.40 

3.20 

2.70 

2.25 

24 

1.75 

2.30 

2.10 

1.85 

2.50 

3.30 

2.60 

2.30 

25 

1.80 

2.30 

2.10 

1.85 

2.70 

3.20 

2. 55 

2.30 

26 

1.80 

2.30 

2.10 

1.90 

2.80 

3.10 

2.55 

2.30 

27 

'  1.70 

2.20 

2.10 

1.90 

2.80 

3.20 

2.70 

2.80 

28 

'  1.80 

2.00 

2.85 

1.90 

2.80 

3.20 

2.70 

2.30 

29 

1.80 

2.00 

2.60 

1.85 

2.60 

3.10 

2.65 

2.80 

30 

1.80 

2.00 

1.80 

2.60 

3.10 

2.70 

2.30 

31 

1.85 

1.95 

2.55 

2.80 

2. '25 

Sopt.  !   Oct. 

I 


1.75 
1. 75 
1.75 
1.73 
1.70 
1.72 
1.73 
1.75 
1.77 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.80 
1.80 
1.80 
1.80 
1.80 


80 
78 
77 
80 
80 
1.80 
L80 
1.78 


1. 
1. 
1. 
1. 
1. 


2.30 
2.25 
2.20 
2.10 
2.10 
2.10 
2.20 
2.20 
2.15 
2. 15 
2.15 
2.10 
2.00 
2.00 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.10 
2.90 
2.95 
2.60 
2.55 
2.45 
2.40 
2.40 


1.77 

1.80 

1.80 

1.83 

1.80 

1.80 

1.80 

1.82 

1.80 

1.83 

1.80  ' 

1.80 

1.80 

1.82 

1.80 

1.80  I 

1.80  I 

1.80 

1.80 

1.80 

1.80 

1.80  ' 

1.80 

1.80 

1.80  I 

1.80 

1.80 

1.80  , 

1.80 

1.80 

1,70 


2.30 
2.30 
2.20 
2.20 
2.15 
2.10 
2.15 
2.20 
2.20 
2.25 
2.30 
2.30 
2.25 
2. 25 
2.20 


2. 
2. 
2. 
2. 
2. 


'20 
10 
00 
15 
15 
2.20 
2.15 
2. 15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.10 
2. 10 
2.10 


Nov, 


1.80 

1.80 

1.80 

1.80 

1.80 

1.75 

1.70 

1.70 

1.70  ' 

1.70  ' 

1.70 

1.70  I 

1.70  ! 

1.70  : 


Dec. 


70 

70 

70 

70 

70 

70 
1.70 
1.70 
1.80 
1.90 
1.90 
1.80 
1.80 
1.80  1 
1.80  I 
1.80 


2. 15 
2.15 
2.15 
2.20 
2.30 
2.20 
2.10 
2.10 
2.10 


2. 
2. 


10 
10 


2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 


1.80 
l.HO 
1.80 
1.7U 
1.70 
1.7U 
1.70 
1.70 
1.70 


1. 

1. 
I. 
1. 
1. 
1. 


7U 
70 
70 

70 
70 
70 


1.80 
l.HU 
1.80 
l.J^ 
1.80 
l.hO 
l.HO 
1.80 
1.8t) 

1..H0 

1.80 
1.70 
1.70 
1.70 
1.70 
1.70 


2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.O0 
2.0O 
2.00 
2,{» 
2.00 
2.110 
2,05 
2.  OS 
2.U^ 
2.U'» 
2.00 
2.W 
1.96 
1.90 
l.KS 


H> 
Hi 
90 

i.»r> 

1.90 
2.00 
2.00 
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Rating  table  for  (hverw  River  near  Round  Valley  ^  i\jd.^  from  AugtuA  4f  1903^  to  December 

Sly  1904. 


heSSJt      W^t^aiKc. 


Gage 
height. 


Discharge,  j    jj^Jfht.   !   Wscharge. 


hei^Ilift.    I   I>»«^»^*rKe- 


FeeL 

1.60 

1,70 

1.80 

1.90 

2.00 

2.10 


Secoiui-Jeet. 
132 
152 
172 
196 
221 
246 


Feet. 

Second'/eet. 

fM. 

Second-Jrft 

2.20 

272     . 

2.70 

412 

2.30 

•  298 

2.80 

442 

2.40 

325 

2.90 

473 

2.50 

353 

3.00 

504 

2.60 

382 

3.10 

536 

Feet. 
3.20 
3.30 
3.40 
3.50 
3.60 


Second-/eet. 
568 
601 
636 
675 
715 


Estimated  montlUy  discharge  of  Owens  River  near  Round  Valley  ^  (kit.,  for  J  90S  and  1904' 


Month. 


1903. 


August  4-31 
St*[>teniber  . 

October 

November  . 
December . . 


The  periotl 


1904. 


January... 
Febniary  . 

March 

April 

May 

June 

July 

August 

September 
October . . . 
November 
December. 


Discharge  in  second-feet. 
Maximum.     Minimum.       Mean. 

• 

Total  in 
acre-feet. 

196 

148 

169 

9,386 

172 

152 

167 

9,937 

179 

152 

172 

10, 576 

196 

152 

163 

9,699 

172 

152 

161 

I          9,900 

184 
353 
458 
246 
442 
6,35 
504 
412 
489 
298 
298 
246 


152 
172 
196 
172 
172 
382 
353 
285 
221 
221 
221 
172 


156.6 

220.9 

259.7 

201.5 

299.5 

532 

428 

336 

281 

266 

246 

218 


49, 498 

9,629 
12,706 
15,968 
11,990 
18, 416 
31,656 
26,  317 
20,660 
16,  721 
16, 356 
14,638 
13,404 


The  vear. 


635 


152 


28: 


208,  461 
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[no.  1S4. 


ROCK  CREEK  NEAR  ROUND  VALLEY,  CAL. 

This  station  was  established  August  3,  1903,  by  J.  C.  Clausen  and 
R.  S.  Haw  ley.  It  is  located  at  the  wagon  bridge  on  the  road  from 
Long  Valley  to  Bishop,  3,500  feet  above  the  mouth  of  the  creek.  The 
gage  is  a  1  by  4  inch  vertical  rod  fastened  to  the  left  end  of  the  bridge. 
It  is  read  once  each  day  by  Roscoe  Jones.  Discharge  measurements 
are  made  from  a  footbridge  which  has  a  span  of  18  feet.  The  initial 
point  for  soundings  is  on  right  bank  of  stream.  The  distances  across 
stream  are  marked  on  the  footbridge  at  intervals  of  2  feet.  The 
channel  is  straight  for  50  feet  above  and  for  40  feet  below  the  foot- 
bridge. The  current  is  swift.  Both  banks  are  high  and  rocky  and 
are  not  liable  to  overflow.  The  -bed  of  the  stream  is  composed  of 
gi*avel  and  is  not  subject  to  much  change.  The  bench  mark  is  a  point 
marked  on  a  lava  rock  15  feet  east  of  the  left  end  of  the  footbridge. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  inea^KarenieiUs  of  Bock  Cvek  near  Round  Valley,  Col.,  in  190S  and  1904- 


Date. 


Hydrographer. 


1903.  I 

Augusts '  R.  S.  Hawley 

August  8 do  ....... 

August  18 do 

September  1 do 

September  10 do 

November  24... do 

December  29 do 


hel^t    '  I>*«h«rge. 


1904. 

March  4 R.  S.  Hawley 

March  28 do 

April  8 E.  C.  Murphy,  S.  G.  Bennett,  and  R.  S.  Hawley . 

April  27 R.  S.  Hawley 

June  2 , do 

June  15 ' do 

July  13 J.  G.  Clausen  and  L.  M.*  Barnes 

August  3 L.  M.  Barnes 

September  9  . . .    R.  S.  Hawley 

October  13 W.  B.  Clapp,  R.  J.  Taylor,  and  R.  S.  Hawley. . 

November  12  ..    R.  J.  Taylor 

December  6 do 


Fui. 

Second-feeL 

1.55 

20.0 

1.62 

21.0 

1.55 

19.5 

1.42 

16.8 

1.49 

17.5 

1.51 

18.3 

1.45 

18.1 

1.20 

14.3 

1.40 

26 

1.28 

22 

1.10 

15.3 

2.40 

64 

2.76 

98 

2.00 

54 

2.30 

72 

1.30 

22 

1.90 

50 

1.68 

37 

1.39 

24 
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.Ve'fin  daily  gaffe  height,  in  feet,  of  Rock  Oreek  near  Hound  Valley,  CaL,  for  190S  and 

1904. 


Day. 


190S. 


3. 


4., 

5.. 

6.. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
U. 
16. 
16. 
17. 
W. 
19. 
20. 
21. 
22. 
23. 
24. 
Z^i. 
26. 
27. 
28. 
29. 
30. 
SI. 


1. 
2. 

3. 
4. 

5. 
6. 

m 
t. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 


1904. 


Feb.  '  Mar. 


Apr. 


May. 


June. 


July. 


1.55 

1.55 

1.55 

1,55 

1.56 

1.55 

1.55 

1.4 

1.4 

1.5 

1.5 

1.5 

1.5 

1.5 

1.46 

1.45 

1.4 

1.4 

1.4 

1.4 


1.5 

1.5 

1.5 

1.5 

1.5 

1.3 

1.35 

1.35 

1.5 

1.5 

1.5 

1.5 


l.S 

1.25 

1.3 

1.3 

1.3 

1.3 

1.2 

1.25 

1.25 

1.25 

1.3 

1.2 


'    1.5 

1.3 

1.5 

1.3 

1.5 

1.8 

;    2.1 

1.2 

1.35 

1.25 

1.3 

l.S 

1.3 

1.3 

i    1.85 

1.5 

1.3 

1.3 

1.35 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.2 

1.8 

1.3 

1.2 

1.2 

1.2 

1.2 

1.3 

1.^ 

1.8 

1.3 


1.2 

2.4 

1.2 

2.4 

1.2 

2.7 

1.2 

2.6 

1.25 

1.25 

1.2 

1.2 

1.25 

1.26 

1.9 

1.9 

2.0 

2.0 

2.  a*) 

2.1 
2.2 
2.1 
2.1 
2.1 


2.6 

2.7 

2.7 

2.4 

2.4 

2.6 

2.6 

2.7 

2.8 

2.7 

2.75 

2.9 

2.9 

2.8 

2.8 

2.76 


Aug. 


8ept.     Oct 


2.4 

2.4 

2.3 

2.5 

2.6 

2. 5 

2.5 

2.5 

2.5 

2.4 

2.2 

2.0 

1.95 

1.8 

1.7 

1.6 

1.75 

1.75 

1.7 

1.7 


al.55 
1.50 
1.60 
1.60 
1.60 
1.55 
1.60 
1.60 
1.70 
1.70 
1.60 


1.40 
1.46 
1.40 
1.40 
1.40 
1.4'> 
1.40 
1.45 
1.45 
1.50 
1.55 
1.60 
1.60 
1.55 


1.60 
1.55 
1.50 
1.50 
1.45 
1.50 
1.60 
1.60 
1.50 
1.50 
1.50 
1.45 
1.40 
1.40 
1.40 

2.25 

2.35 

2.3 

2. 25 

2.25 

2.2 

2.2 

2. 15 

2.1 

2.3 

2.4 

2.2 

2.2 

2.15 

2.1 

2.15 

2.0 

2.25 

2.1 

1.8 


1.4 

1.4 

l.:i5 

1.4 

1.4 

1,35 

1.3 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.3 

1.35 

1.3 

1.3 

1.85 

1.4 


1.50  I    1.50 
1.60       1.40 


ftl.OO 

i.m 

1.50 
1.60 
1.50 
1.55 
1.50 
1.50 
1.55 
1.50 
1.50 
1.40 
1.30 
1.30 


1.85 
1.80 
1.30 
1.30 
1.35 
1.30 
1.30 
1.30 
1.30 
1.35 
1.80 
1.30 
1.30 
1.30 
1.30 
1.30 
l.'M 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.80 
1.30 
1.30 
1.30 
1.30 
1.30 
1.40 
1.40 


Nov. 


1.40 
1.40 
1.40 
1.40 
1.40 
1.45 
1.50 
1.50 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 
1,40 
1.45 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 


aGiyen  as  1.10,  probably  to  1.55. 


b  Probably  is 


1.9 
1.9 
1.9 
1.8 
1.8 
1.8 
1.9 
1.9 
1.9 
2.0 
2.3 
2.2 
2.0 
1.95 
1.9 
1.8 
1.8 
1.8 
1.9 
1.9 
1.50. 


1.75 

1.7 

1.7 

1.75 

1.75 

1.75 

1.7 

1.7 

1.7 

1.7 

1.75 

1.7 

1.7 

1.7 

1.7 

1.7 

1.65 

1.60 

1.6 

1.6 


J>ec. 


1.50 
1.50 
1.50 
1.50 
1.50 
1.56 
1.55 
1.55 
1.55 
1.55 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.50 
1.55 
1.50 
1.50 
1.45 
1.45 
1.45 
1.45 
1.45 

1. 45 

1.45 

1.4 

1.4 

1.45 

1.45 

1.5 

1.5 

1.55 

1.55 

1.55 

1.55 

1.5 

1.4 

1.4 

1.85 

1.35 

1.35 

1.4 

1.4 


206 


STREAM   MEASUREMENTS   IN   1904,  PART    XI. 


[NO.  134. 


Mean  daily  gage  height^  in  feety  of  Rock  Creek,  near  Round  VaUetjj  CaL^  etc. — Cont'd. 


Day. 

Jan. 

1.35 

1.3 

1.3 

1.3 

1.3 

1.8 

1.45 

1.5 

1.6 

1.5 

1.5 

Feb. 

1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.4 
1.3 

■ 

Mar. 

21.. 

1904. 

1.4 

22 

1.5 

23 

1.6 

24 

1.4 

25 

1.4 

26 

1.4 

27 

1.4 

28.. 

1.4 

29..-. 

1.55 

30.. 

1.4 

31 

1.4 

July. 

Aug. 

Sept. 

2.0 

1.8 

1.3 

2.2 

1.8 

1.3 

2.3 

1.9 

1.35 

2.2 

2.35 

2.0 

2. 15 

2  •> 

2.3 

2.1 

2.1 

2.0 

2.1 

2.1 

1.9 

2.15 

1.9 

1.9 

2.0 

1.9 

1.9 

2.0 

1.8 

1.9 

2.2 

1.8 

Oct.      Nov, 


1.9 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.75 

1.75 


Dec. 


1.65 

1.45 

1.7 

1.45 

1.7 

1.4 

1.6 

1.35 

1.5 

1.35 

1.5 

1.35 

1.5 

1.4 

1.5 

1.4 

1.5 

1.4 

1.5 

1.5 

1.75 

Rating  table  for  Rock  Creek  near  Rotind  Valley,  Cal.n  from  Augwit  4y  190S,  to 

February  16,  1904- 


Gage 


Dl«!harge.    ;    ^J^^_ 


Ftet. 

tkcoful-feet. 

1.30 

15 

1.40 

17 

1.50 

19 

Discharge,  l'    i,ef|ht.      discharge.       height.      Discharge. 


Feet.        Second-feet. 
1.60  22 

1.70  I  25 

1.80  i  28 


Feet. 
1.90 
2.00 


Second-feet. 
32 
36 


Feet. 
2.10 
2.20 


Sccottd-ftel.  ' 
40 
44 


Rating  table  for  Rock  Creek  near  Round  Valley,  Cat.,  from  February  17  to  December 

SI,  1904. 


Gage 
height. 

DiHcharge 

Feet. 

Second-feet 

1.00 

12 

1.10 

15 

1.20 

18 

1.  30 

22 

1.40 

26 

1.50 

30 

Gage 
height. 


Feet. 
1.60 
1.70 
1.80 
1.90 
2.00 


Discharge.  '     hef/ht.      I>»«-harge. 


Second-feet. 
34 
38 
43 
48 
53 


Feet. 
2.10 
2.20 
2.30 
2.40 
2.50 


Second-feet. 
58 


63 
69 
75 

81 


he^tt.      I>««^»«^e. 


Feet. 
2.60 
2.70 
2.80 
2.90 
3.00 


Secimd-fret. 

88 

95 

102 

109 

116 


I 
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Eniimaied  monthhj  discharge  of  Rock  Creek  near  Round  VaUeifj  OriZ.,  for  190S  and  1904. 


Month. 


1903. 


August  4-31 
September  , 

October 

November  . 
Decern  t)er . . 


The  periotl 


1904. 


January.  _. 
February  . 

March 

April 

Mav 

m 

June 

July 

August 

September 
October . . . 
November 
December. 


Discharge  in  aecond-feet. 

Total  in 

Maximum. 

Minimum. 

Mean. 

acre-feel. 

26 

17 

20 

1,111 

22 

15 

18 

1,071 

17 

15 

15 

922 

19 

17 

18 

1,071 

22 

18 

20 

1,230 

The  year 


20 
40 

22 

102 
109 
88 
75 
69 
69 
41 
40 

109 


5,405 


15 
15 
18 
18 
18 
75 
34 
43 
18 
41 
30 
24 


15 


17.4 

20.5 

23.6 

21 

50 

91.7 

60.5 

59 

29 

47 

36 

27.7 

40.3 


1,070 
1,179 
1,451 
1,250 
3,074 
5,456 
3,720 
3,628 
1,726 
2,890 
2,142 
1,703 


29,289 


PINE  CREEK  NEAR  ROUND  VALLEY,  CAL. 

This  station  was  established  August  3,  1903,  by  J.  C.  Clausen  and 
R.  S.  Hawley.  It  is  located  150  feet  below  the  wagon  bridge  on  the 
road  from  Bishop  to  Long  Valley  and  100  feet  above  the  mouth  of  the 
creek.  The  gage  is  a  1  by  3  inch  vertical  rod  fastened  in  the  rocks 
near  the  right  bank.  It  is  read  once  each  day  by  Roscoe  Jones.  Dis- 
charge measurements  are  made  by  wading.  The  initial  point  for 
soundings  is  a  stake  on  the  right  bank  of  the  stream. 

The  channel  is  straight  for  about  50  feet  above  and  for  about  100 
feet  below  the  station.  The  current  has  a  velocity  of  about  1  foot  per 
.second  at  ordinary  stages.  Both  l)anks  are  high  and  rocky  and  are 
not  liable  to  overflow.  The  bed  of  the  stream  is  rocky  and  permanent. 
The  bench  mark  is  the  one  at  the  Rock  Creek  station.  It  is  a  point 
marked  on  the  lava  rock  15  feet  east  of  the  left  end  of  the  footbridge. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 
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Discharge  meatniremefUtt  of  IHne  Creek  near  Rowui  VaZfcy,  Col.,  in  190S  and  1904' 


Date. 


Hydrof^rapher. 


1903. 

August  3 R.  S.  Hawley 

August  8 do 

August  18 do 

September  1 do 

September  10 do 

November  24 do 


Gage, 
height. 


Feet 
1.90 
1.87 
1.73 
1.71 


DiachaiKt*. 

Second-fitt 

15.0 

10.4 

5.7 

5.9 


1904. 

April  27 

June  2 

June  15 

July  13 

Augusts 

September  9  . 
October  13... 
November  12 
December  6.. 


R.  S.  Hawley 

do 

do 

J.  C.  Classen  and  L.  M.  Barnes 

L.  M.  Barnes , 

R.  S.  Hawley 

R.  S.  Hawley,  W.  B.  Clapp,  and  R.  J.  Taylor. 

R.  J .  Taylor 

do 


X.    1  X 

u.  u 

1.89 

10.1 

1.70 

4.2 

2.80 

67 

3.70 

185 

2.95 

84 

2.70 

58 

1.87 

10.7 

2.30 

31 

2.07 

21 

1.90 

16 

Mean  daily  gage  height,  in  feet,  of  Pine  Creek  near  Round  Valley,  CaL,  for  190S  and  1904. 


1.. 

Day. 
1903. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June.    July. 

1 

Aug. 

2 

3 

' 

1 

4 

• 

1.90 
1.90 

6 1 

6 



1.90 

7 



1.90 
1.90 
1.80 
1.80 

8 1 

' 

9 ' 

1            1 

10 

11 

1 

1.80 

12 

• 

1.90 

13 

! 

1.90  ' 
l.«0  1 
1.80 

1 

14 

1 

15 

1 

1 
16 



1 

1.80  i 

17 

1 

1.80  ■ 

1.73 

1 

1.70 

18 ' 

19 

1 

20 ' 

i.70 

21 

1.70 

22 

1.72 

28.. 

: j 

1.80 

Sept.  I  Oct. 


1.75 
1.75 
1.72 
1.70 
1.70 
1.72 
1.73 
1.70 
1.72 
1.75 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.73 


1.80 
1.83 
1.80 
1.80 
1.80 
1.80 
1.80 
1.82 
1.80 
1.80 
1.83 
1.80 
1.80 
1.82 
1.90 
1.80 
1.90 
1.90 
1.93 
1.92 
1.90 
1.90 
1.90 


Nov.     Dec. 


1.90 
1.90 
1.90 
1.90 
1.90 
1.86 
1.8U 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.85 


l.N'i 

l.h5 
l.so 
1,90 
1.90 
1.96 
1.95 
1.95 
1.95 
1.95 
1.90 
1.90 
1.90 
1,90 
1.90 
1.90 
1.90 
1.90 
l.W 
1.90 
1.90 

l.tM 

1.85 
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Mean  daibf  gage  height,  in  feet,  of  JHne  Creek  near  Hound  Valley,  CaL,  etc, — C^oniinne<i. 


24. 

•i7. 

•>. 

»). 
31. 

1. 
2 

3. 
4. 
5. 
6. 


8... 

9... 
10... 
11... 
12... 
13... 
H... 
Ij... 

17... 

IS... 

■JU... 

21... 

22. 

23... 

24... 

25... 


31. 


Day. 


1903. 


Jan.      Feb. 


Mar.     Apr.     Mny.    June.    July.     Aug.     Sept.      ()et. 


Nov.    Dec. 


1904. 


1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 


1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.S5 

1.90 

l.«5 

1.80 

1.85 

l.HO 

1.90 

1.80 

1.90 

1.90 

1.90 

1.90 

1.90 

1.80 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

2.10 

1.H5 

1.90 

1.90 

1.8.1 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

2.00 

1.85 

2.10 

1.85 

2.00 

1.90 

1.90 

1.90 

1.90 

1.80 

1.90 

1.90 

1.90 

1.90 

1.90 
1.90 


1.90 
1.90 
1.90 
1.90 
1.85 
1.85 
1.90 
1.90 
1.90 
1.80 
♦l.SO 
1.80 
1.80 
1.70 
1.70 
1.70 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 


1.80 
1.75 
1.75 
1.75 
1.75 
1.80 
1.80 
1.80 
1.80 
1.85 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.85 
1.80 
1.80 
1.90 
1.90 
1.90 
1.80 
2.50 
3.00 
2.80 
2.70 

2.m 

2.70 
2.70 
2.60 


2.60 

2.80 

3.85 

3.60 

3.60 

3.50 

3.50 

3.20 

8.10 

3.50 

3.50 

8.60 

3.60 

3.50 

8.70 

3.80  i 

3.80 

3.70  I 

3.60 

3.50 

3.40 

3.40 

3.30 

3.50 

3.40 

3.20 

3.30 

8.30 

3.40 

3.20 


3.10 

2.50 

1.80 

3.10 

2.45 

1.80 

3.00 

2.50 

1.80 

3.00 

2.45 

1.80 

3.10 
3.00 
3.00 
3.10 
3.20 
3.20 
3.10 
3.10 
3.10 
3.10 
3.00 
3.00 
2.95 
2.70 
2.50 
2.50 
2.45 
2.40 
2.40 
2.40 
2.40 
2.60 
2.66 
2.65 
2.70 
2.80 
2.90 
2.80 
2.65 
2.70 
2.85 


1.75 
1.80 
1.80 
1.75 
1.73 
1.70 
1.70 
1.70 

2.90 
2.K5 
2.80 
2.70 
2.60 
2.56 
2.5!> 
2.50 
2.50 
2.45 
2.50 
2.45 
2. 45 
2. 45 
2.50 
2.55 
2.40 
2.46 
2.40 
2.40 
2.40 
2.35 
2.35 
2.40 
2.40 
2.40 
2.40 
2. 25 
2.  -25 
2. -20 
2. 20 


l.?2 
1.70 
1.70 
1.70 
1.75 
1.80 
1.80 


2.20 
2.10 
1.95 
1.90 
1.85 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.85 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
2.00 
2. 20 
1.95 
1.95 
1.90 
1.90 
1.90 


1.80 

2. 25 

1.85 

2.25 

1.80 

2.10 

1.90 
1.90 
1.90 
1.90 
1.90 
1.90  ; 
1.90  ' 
1.90  I 

2.00  I 
2.00  ' 
2.00 
2.00  ' 
2.00  I 
2.00  ' 
2. 10  ' 

2.:«) 

2.30  I 

2.:» 

2.50  , 
2.40  \ 
2. '25  ' 
2.35 
2. 25 
2.25 
2.10 
2.10 
2.10 
2.10 
2.20 
2.  -20 
2.20 
2. -20 
2. -20 
2. 20 
2.20 
2. '25 
2. 25 
•l.-iO 
•2.  :U) 


1.90 
1.90 
1.90 
1.85 
1.85 
1.85 
1.80 


■I 


2.10 

2.10 

2.10 

2.10 

2.20 

2.10 

2.30 
2.25 
2. -25 
2. '25 
2. '25 
•2. 15 
2.10 
2.15 
'2.15 
2. '20 
2.20 
2.20 
2.20 
2.20 
2. 15 
2.16 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 


1.80 
1.85 
1.85 
1.90 
1.90 
1.90 
1.90 
1.90 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
'2.00 
•2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.95 
1.90 
1.90 
1.90 
1.90 
1.90 
1.95 
2.00 
2.00 
'2.30 


IRR   134—05- 


14 
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Rating  table  for  Pine  Creek  near 

Round  Wdieiu  Cal.^fn 
1904. 

am  Aiu/itst  4i 

Discharge. 

Second-feet. 
75 

1903,  to  December  SI, 

Gage 

height. 

1 

Discharge. 

tkcmul-fect. 
4 

Gage 
height. 

Feel. 
2.30 

Discharge.       ^^f^, 

1 

hef/ht.      I>i«eharge. 

'      Feet. 
1.70 

Secoiid-fcct.          Feet.      ' 
33           2. 90 

Feet.        Seeowl/fft. 
3.50                149 

1.80 

8 

2.40 

39          3. 00 

85 

3. 60               165 

1.90 

13 

2. 50  • 

45          3.  10 

95 

3.70               184 

2.00 

18 

2.60 

52          3.20     1 

1 

106 

3.80               203 

2.10 

23 

2.70 

59          3. 30 

119 

3. 90               223 

2.20 

28 

2.80 

67          3. 40 

1 

133 
d  Valleify  Cai 

E 

Mimatrd  i 

moutldy  discharye  of  JHne  Creek  near  Roan 

L.for  1903  and  19fJ4, 

Discharge  in  »ecoiid-feet. 


Month. 


1903. 


August  4-31 
September  . 

October 

November  . 
December . . 


The  pericxl 


1904. 


January. 
Febniarv 
March  .. 
April  ... 
May 


June 

July 

August 

Septemlxjr 
Octol)er . . . 
Noveml)er 
Dt^^ember . 


The  vear 


Total  in 

Maximum. 

Minimum. 

Mean. 

acre-feet. 

« 

13 

4 

7.9 

439 

8 

4 

4.7 

28(1 

14 

8 

10.8 

664 

13 

8 

11.8 

702 

16 

8 

12.6 

775 

2.860 

13 

' 

13 

13 

799 

23 

8 

12.4 

713 

23 

8 

12.9 

793 

13 

5 

9 

5:^6 

85 

6 

21.7 

l,3:i4 

213 

52 

142 

8,450 

106 

39 

70 

4,:i(M 

75 

28 

44 

2,  705 

28 

8 

12 

71-1 

45 

18 

28 

1,722 

33 

18 

25 

1,488 

33 

13 
5 

17.5 

1 ,  076 

213 

34 

24,6:w 

tl.  \pp.l 
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OWENS  RIVER  CANAL   NEAR  BISHOP,  CAL. 

This  station  was  established  August  5,  11K)3,  by  J.  C.  Clausen  and 
R.  S.  Hawley.  It  is  located  at  the  footbridge  near  the  quarter-section 
line  which  divides  the  north  half  of  sec.  27,  T.  6  S.,  R.  32  E.,  of  the 
Mount  Diablo  meridian.  The  gage  is  a  vertical  rod  nailed  to  the  bridge. 
It  is  read  once  each  day  by  A.  S.  Kinsley,  the  ditch  tender.  Discharge 
measurement^^  are  made  from  the  footbridge  to  which  the  gage  is 
attached.  The  initial  point  for  soundings  is  on  right  bank  of  canals. 
The  distances  across  stream  are  marked  on  the  bridge  at  intervals  of 
2  feet.  The  channel  is  straight  for  SCK)  feet  above  and  for  100  feet 
below  the  station.  The  current  is  sluggish.  The  right  bank  is  high 
and  rocky  and  will  not  overflow.  The  left  bank  is  low  and  will  over- 
flow.    The  bed  of  the  stream  is  composed  of  gravel  and  is  permanent. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  m^atenrements  of  (hven*  River  canal  near  Bishopy  Or//.,  in  19f)3  and  1904. 


Date. 


Hydroerapher. 


heiX.   '  ^'-^^-^-^ 


1903. 

July  30 i  R.  S.  Hawley 

Augustd do 

August  15 do 

Aagiist26 do 

»September  7  . .  J do 

September  15 do 

October  23 1 do 


1904. 

February  3 R.  S.  Hawley 

March  4 do    

March  21 do 

April  21 do 

July  11 ,  J.  C.  Clausen  and  L.  M.  Rames 

August  10 L.  M.  Barnes 

September  5  ...   R.  S.  Hawley 

October  14 R.  S.  Hawley,  W.  B.  Clapp,  and  R.  J.  Taylor. 

November  1  . . .:  R.  J.  Tavlor 


Feet.        SecoMi'feei, 


I 


2.50  I 
2.69  j 
2.82  , 
2.89 
3.02  ' 
2.57  ' 

1.60 
2.90 
2.60 
2.90 
2.65 
2.80 
2.90 
1.65 
1.60 


39.0 
21.8 
28.6 
36.5 
33.1 
39.5 
23.2 

7.4 

44 

34 

46 

31 

40 

40 
6.1 
4.6 
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STREAM   MEASUBEMKNTS    IN    1904,  PART    XI. 


[xo.  IM. 


yfeari  dmlij  gage  height ^  in  feet,  of  Oxvens  River  canal  near  Bishop j  Cal.,  for  190S. 


Day. 

Aiw. 

1. 

1 

2                  ; 

8 

4 

5 

«  2. 50 

6 

2.50 

••-••••■■ 
7 

2.50 

8 

C) 
2.70 

9 

10 

2.75 

11 

(ft) 

Sept.  I  Oct. 


Day 


2.90 
2.90 
2.90  ; 
2.95  i 
2.95 

(ft) 
2.95 

2.90 

2.90 

2,95 

3.00 


3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
8.10 
2.70 


12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 


Aug.     Sept.  I   Oct. 


Day. 


2.80 

3.00 

2.80 

3.05 

2.80 

3.05 

(ft) 

3.05 

(ft) 

3.05 

2.75 

3.05 

2.80 

3.06 

(ft) 

3.10 

2.80 

3.10 

(ft) 

(ft) 

22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Aug. 

Sept.      Oct. 

2.85 

8.00    

2.85 

3.00    

2.85 

8.00  : 

2.80 

3.00    

2.80 

3.05    

2.85 

s.as   

2.85 

8.05    

2.90 

(ft)     ' 

2.90 

3.10  ] 

2.90 

a  Lowest  water  known  in  twenty-four  years. 


«» No  record. 


On  October  10  the  directors  of  the  canal  ordered  part  of  the  water  turned  off;  irrigation  was  prac- 
tically over  for  Reason.  From  October  10  no  daily  record  was  kept,  but  beginning  October  II  the  gage 
read  about  1.60  until  October  24;  the  water  was  then  all  turned  out. 

Mean  daily  gage  height,  in  feel,  of  (hvens  River  canal  near  Bishop,  Ccd.,  for  1904, 


Day, 


1 

2 

3 

4 

5 

6 

7 

8 : 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 


Jan. 

Feb. 

Mar. 

,    Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

nO.OO 

0.00 

1.6 

1.6 

0.00 
.00 
.00 

2.9 

« 

.00 

2.6 

2.9 
2.9 
2.9 
2.9 
2.9 
2.9 

2.9 
2.9 
2.9 

2. 75 

.00 

.00 

2.65 
2.8 

.00 

2.7 

2.6 

2S. 

.00 

2.7 

2.96 

.00 

2.7 
2.6 

2.6 

2.9 

.00 

' 

2.7 

3,0 

.00 

1 

3.0 

.00 

1 

.00 

2.65 

2.7 

.00 

2.75 
2.80 
2.85 
2.85 

.00 

2.9 

2.6 

3.0 

.00 

. . .  ^. . . . 

1     ' 

.00 

2.9 
2.9 
2.9 

2.4 

2.7 

.00 

«.oo 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

........ 

.00 

2.85 

' 

3.05 

.00 

.00 

. .   ..... 

2.6 



2.85 
2.80 
2.9 
2.9 

.00 

2.9 
2.9 

2.9 
2.9 
2.9 

2.8 

3.05 

.00 

(ft) 

.00 

•i.6, 

.00 

.00 

2.9 

.00 

2,8 

.00 

2.9 
2.9 

2.7 
2.75 

.00 

2.5 

.00 

.00 

2.7 

2.9 

2.7 

.00 

2.  > 

.00 

•  •*«    ■•■■ 

2.6 

a  Dry  January  1  to  February  1;  February  16  to  March  3. 
b  No  record  for  remainder-'of  the  year. 
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Hating  table  for  Otcena  River  canal  near  Biahop,  Cut, ^  from  January  1  to  June  SO,  1904^ 


DiHcharge. 


Feft.      I  Sreond'freL 
1.60     '  7 

1.70  9 


1.80 
1.90 


11 
13 


height. 


Feet. 
2.00 
2.10 
2.20 
2.30 


Discharge.       ^"^f^,       DiHcbarge.  jj   ,«f^^« 


Seeond'/eet. 
15 
18 
20 
23 


Feet. 
2.40 
2.50 
2.60 
2.70 


Second-feet. 
27 
31 
34 
38 


Fpet. 
2.80 
2.90 
3.00 
3.10 


DlHcharge. 

Second-feet.  , 
42 
46 
50 
54 


Rating  tatAe  for  Chrenjt  River  cahal  near  Bijthof),  (\d.^from  July  1  to  Decemfter  Sl^  1904. 


heSTt.      I>i«charKe. 


FefL 
1.60 
1.70 
1.80 
1.90 


Second-feet. 

6 

8 

11 


Gage 
height. 


Feet. 
2.00 
2.10 
2.20 
2.30 


Discharge.       ^^J«\      Discharge.       h^5«\ 


Discharge. 


I-- 


Second-fcet. 
13 
16 
18 
21 


Feet. 
2.40 
2.50 
2.«0 
2.70 


Second-feet. 
24 
27 
30 
34 


Feet. 
2.80 
2.90 
3.00 


Second-fed. 
37 
41 
45 


Egtiniated  monthly  discharge  of  Owens  River  canal  near  Bishf/Pf  Cat.,  for  1904. 


Discharge  in  second-feet. 


Month. 


!  Maximum.     Minimum 


I 


I 


Februarj' 

March 

April 

May 

June 

July 

August 

September  1-20. 


7 

46' 

46 

46' 

38 

37 

37 

47 

im. 

Mean. 

0 

3.'4 

0 

33 

34 

41.4 

38 

45 

31 

33.5 

27 

3:^ 

32 

35 

35 

43 

Total  in 
acre-feet. 


196 

2,029 

2,464 

2,767 

1,993 

2,029 

2,152 

1,706 

The  period 


15,  a36 


NiiTK.— Discharge  interpolated  for  mlasiug  days. 
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STREAM    MEASUREMENTS    IN    1904,  PART    XT. 


[NO.  1S4. 


BISHOl'  CREEK  CANAL   NEAR  BISHOP,  CAL. 

This  station  was  established  August  5,  1903,  b}^  J.  C.  Clausen, 
assisted  bj?^  R.  S.  Hawley.  It  is  located  at  the  footbridge  below  the 
waste  gate  near  the  house  of  the  observer,  A.  Fitzgerald.  It  is  Hi 
miles  northwest  of  Bishop,  Cal.  The  gage  is  a  1  by  3  inch  vertical 
rod  fastened  to  the  bridge  anchor.  Discharge  measurements  are 
made  from  the  footbridge  at  which  the  gage  is  located.  The  initial 
point  for  soundings  is  on  right  bank;  the  initial  point  and  points 
at  which  soundings  are  made  are  marked  on  footbridge.  The  chan- 
nel is  straight  for  60  feet  above  and  for  100  feet  below  this  sta- 
tion. The  current  is  swift.  The  right  bank  is  high  and  the  left 
bank  is  low.  Neither  bank  is  liable  to  overflow.  The  bed  of  the 
stream  is  composed  of  sand  and  gravel  and  is  fairly  permanent.  The 
gaging  stations  on  canals  taking  water  from  Owens  River  maj'  be 
considered  as  temporar3\  The  gage  rods  in  most  instances  are 
securely  fastened  to  the  footbridges  and  are  not  likely  to  change. 
Ko  permanent  bench  marks  were  established. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  mcntfureinents  of  Bishop  Greek  canal  near  Bishop,  Cal.,  in  1903  and  1904- 


Date. 


1903. 

July  30 

August  5 

August  15  ... 
August  26  . . . 
September  5  . 
September  15 
October  28... 


Hydrograpbcr. 


R.  S.  Hawlev 

do 

do 

do 

do 

do 

do 


1904. 

February  11 K.  S.  Hawley 

March  21 , do 

April  13 , do 

April  21 do 

May  14 do 

June  16 do 

June  11 J.  C.  Clausen  and  L.  M.  Barnes, 

August  10 L.  M.  Barnes 

September  5  . . .    R.  S.  Hawley 


Ga«e 
height. 

Discbari^e. 

Feet, 

Second-fret. 

101 

'       3.0 

72 

2.89 

61 

3.25 

84 

3.17 

81 

3.31 

82 

1.97 

27 

2.43 

54 

1.75 

22 

3.69 

116 

3.62 

113 

3.55 

109 

1.90 

30 

3.20 

94 

2.00 

26 

4.10 

.      118 

CLAPr.j 


THE   GREAT    BASIN    DRAINAGE. 


215 


Mean  daily  gage  height^  in  feet,  of  Bishop  Creek  canal  near  Bishtp^  C<il,^  for  190S. 


i>»y. 

Aug. 

Sept. 

Oct. 

Day. 

Aug. 

Sept. 

Oct. 

Day. 

22 

23 

24 

25 

26 

'   27 

28 

29 

'    30 

31 

1 

Aug. 

.     3.10 

1 

1 

..'    8.25 

1 

_J 

"l 

Sept. 

3.30 
3.30 
3.40 
3.40 
3.40 
3.40 
3.40 

(«) 

1 

1 

Oct. 

1 

12 

•» 

3.15 
3.15 



13                ! 

3 

4 

1  14 

15 

3.10 
2.90 

8.30 
8.30 
3.25 
3.25 
8.30 
3.30 
3.30 

....... 

5 

3.00 
3.10 

3.15 

2.00 

16 

6 

17 

18 

29 

,  20 

21 

....... 

3.10 
3.00 

::::::: 

• 

8 

9 

8.10 

3.30 



10 

11 

3.10 
3.10 

3.30 



«No  record  until  October  6;  but  not  much  change  in  the  canal. 

NoTK. — On  October  6  the  head-gate  was  shut  down,  and  until  October  29,  when  the  water  was  turned 
out.  the  gage  read  about  2.0  feet. 

Mean  daily  gage  heigJU,  in  feet,  of  Bishop  Creek  canal  near  Bishopf  Cal,,  for  1904> 


Day. 

Jan. 

oO.OO 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.00 
'      .00 
.00 
.00 
.00 
.00 

.00 

1 

.00 

.00 

Feb. 

Mar. 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
'      .00 
1    CI. 00 
1.75 

1 

Apr. 

May. 

June. 

3.5 
3.5 
3.5 
3.7 
2.0 
2.0 
2.0 
2.2 
2.2 

July. 

2.6 
2.6 
2.6 

3.2 
3.2 
3.3 
3.3 
3.3 

Aug. 

3.8 
3.0 
3.0 
3.0 
3.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.1 
2.1 

Sept.      Oct. 
a0.00 

Nov.     Dec. 

1 

• 

0.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

a. 00 

2,45 

•■•••.. 

2.45 
2.45 
2.45 

0.00      0.00 

2 

3 

...... 

1.7 
2.7 
2.7 

2.7 
2.7 
3.7 
3.7 

'3.'7" 
3.5 

3.3 

• 

3.3 
3.2 
3.2 
3.2 
3.3 
3.3 
3.3 
3.3 

3.8 
3.8 
3.8 
3.7 

1 

4 

5 

4.0     

6 

3. 9      

7 

3. 9     

1 

S 

4.05    

1 

9 

4.0     

10 

4.0     

; 

11 

12 

1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 

1.8 
1.8 

1.8 
1.8 
1.8 
1.8 

2.6 

u 

2.6 
2.6 

3.2 
3.2 
3.1 
3.1 
3.1 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 

3.7 
3.7 
3.7 
3.7 
3.8 
3.8 

4.06    

1. ..... 

13 

1 

•  ••••••'-  •■••• 

14 

2.0 

3.3 

3.3 

3.3 

3.4 

3.35 

3.a=) 

3.7 
3.7 
3.7 

4.1      

15 

16 

4. 05    -.••••• -- 

17 

4.05    

18 •. 

3.5 
3.6 

3.6 
3.3 

3.8 
3.7 
3.7 
3.7 
3.7 
3.7 
3.3 
8.8 
3.3 
3.3 
3.2 
8.2 
3.2 

19 

4.1      

20 

21 

3.4     

3. 4      

22 

3. 4      

1 

23 

2.46 

«.00 

.00 

.00 

.00 
i      .00 

! 

3.4     

24 

3. 4t)    

25... 

i 

1 

3.3 
3.3 
3.3 
3.6 
3.6 
3.6 

1 

26 

27 

t 

28 

29 

1 

30 

3.9    

31 

1 

1 

a. 00 

1 

1 

1 

1 

oCanal  dry:  January  1  to  February  9.  February  24  to  March  20;  Oclolxjr  I  lo  December  31. 
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STREAM   MEASUREMENTS    IN    1904,   PART    XT. 


[NO.  134. 


Rating  table  for  Bishop  (*reek  canal  near  Bishop^  Cal. ,  from  Febnuiri/ 1  to  Octoher  i,  1904. 


Gage 
height. 


Feet. 

1.60 

1.70 

1.80 

1.90 

2.00 

2.10 

2.20 

Discharge. 

Second-feet. 
15 
20 
24 
28 
33 
38 
43 


(>age 
height. 


Discharge. 


Gnge 
height. 


Discharge. 


height.      Di^^harge. 


Feet. 

2.30 

2.40 

2.50 

2.60 

2.70 

2.80 

2.90 


Second-feet. 
48 
53 
57 
62 
67 


72 


76 


Feel. 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 


Second-feet. 

81 

86 

91 

96 

101 

106 

111 


F'eet. 
3,70 
3.80 
3.90 
4.00 
4.10 
4.20 


Second-feel. 
116 
121 
126 
131 
136 
141 


Estimated  monthly  discharge  of  Bishop  Creek  canal  near  Bishop j  (\d.,  for  1904. 


Month. 


Discharge  in  second-feet. 


Maximum.     Minimum. 


TotAl  in 
acre-feet. 


February  . 

March 

April 

May 

June 

July 

August 

September 


55 

22 
116 
121 
106 
121  j 
126 
136 


0 
0 
20 
91 
20 
62 
33 
101 


Mean. 

I 
I 

26.5 

I 

7.  8  , 
83. 1  I 
103.4 
42.1  1 

99  : 

85 

I 

123    : 


The  period 


1, 524 
480 
4,945 
6,359 
2,5a=> 
6,087 
5,226 
7,319 

34,445 


Note. — Discharge  inter(>olated  for  missing  «la\  8. 


FARMERS     CANAL   NEAR   BISHOP,  CAL. 

This  station  was  established  August  6,  1903,  by  J.  C.  Clausen  and 
R.  S.  Hawley.  It  is  located  at  the  footbridge  near  the  house  of  the 
observer,  Robert  Love,  and  3  miles  north  of  Bishop,  Cal.  The  gage 
is  a  1  by  3  inch  vertical  rod  fastened  to  the  bridge  pier.  Discharge 
measurements  are  made  from  the  footbridge,  to  which  the  gage  is 
attached.  The  initial  point  for  soundings  is  on  footbridge,  near  tlie 
right  bank.  The  distances  across  stream  are  marked  every  2  feet  on 
the  footbridge. 

The  channel  is  straight  for  300  feet  above  and  for  50  feet  below  the 
station.  The  current  is  sluggish.  Both  banks  are  low  and  are  liable 
to  overflo\^     The  bed  of  the  stream  is  sandy  and  shifting. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographei-s. 
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Discharge  mea»urement8  of  Farmers*  canal  nfar  Bitthop,  (Azi.,  in  190S  and  1904- 


Date. 


Uydro^rapher. 


hdX.      I>«««hanre. 


19ai 

July  31 ,  R.  S.  Hawley 

Augusts do 

August  17 do 

August  25 do 

September  3  . . .' do 

September  14 do 

Oi^tober  23 do 

November  27 do 


Feet. 


1904. 

Februarys R,  S.  Hawley 

April  2 do 

April  20 do 

Mav  14 do 

June  16 do 

July  11 J.  C.  Clausen  and  L.  M.  Barnes 

July  30 L.  M.  Bamee 

August  25 do 

September  6  . . .'  R,  S.  Hawley 

October  14 R.  S.  Hawley,  W,  B.  Clapp,  and  R.  J.  Taylor. 


November  1 
December  1 . 


R.  J.  Taylor 
do 


2.4 
2.7 
2.5 
2.42 

2.58 

2.55 

«2.54 

2.55 
2.35 
2.60 
2.83 
3.02 
2.55 
3.05 
3.05 
2.80 
2.41 
2.40 
2.30 


Seeond'/eet. 
13.9 
7.0 
14.2 
10.7 
9.7 
10.4 
16.2 
16.0 

15.5 

11.3 

17.0 

27.0 

22.0 

15.0 

24.0 

26.0 

21.0 

8.1 

8.1 

7.2 


a  Corrected  gvLge  heUcht. 
Mf^n  daily  gage  height,  in  feet,  of  Farmers*  canal  near  Bishop,  CaL,  for  190S  and  1904' 


Day.          i  Jan.     Feb. 

1 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 
2.55 

Dec. 

1.. 

1 
19US. 

2.40 
2.40 
2.43 
2.40 
2.45 
2. 45 
2.50 
2.58 
2.67 
2.65 

2.68 
2.57 
2.60 
2.60 
2.63 

2.95 
2.95 
2.95 
3.00 
3.03 

3.05 


2.82_ 
2.80 
2.80 

2.90 
a  2. 50 

2.50 

2 

3... - 

....... 

1 

2.55 

2.50 

-1 

1 

i 

5.. 

, 

1 

1 

2.55 

2.55 

2.65 

(2. 65) 

(2.65) 

(2. 55) 

(2. 55) 

,.(2.55) 

2.55 

2.56 

(2.55) 

(2.55) 

2.50 

6 

' . . . .  . 

7 

1 

:...    _ 

2.40 
2.33 
2.40 
2.60 
2.60 
2.67 
2.76 

2.50 

1 

8 1 

9 ' 

2.50 

10 ■ 

11 

2.50 

1 
12 1 

13 

2.50 

14 ' 

16 

2.48 

1 

16 

2.70 
2.70 

1 
17 J 

2.50 

CI  The  rock  dam  below  the  gage  rod  was  partly  removed. 
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Mean  daily  gage  fieight,  infeetj  of  Farmers^  canal  near  Bishop^  Chi,,  etc. — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 
2.68 

Sept. 

2.67 
2.80 
2.82 
2.85 
2.83 

2.87 

Oct. 
2  60 

Nov. 

(2.56) 

(9  f»\ 

I>ef. 

1903. 
18 

19 

1 

2.45 

20 

2.50 

2. 50     f'f  ^>^^ 

21 

2.50 
2.50 
2.55 

2.56 
2.55 

(2.66) 
.(2.56) 
(2.55) 
(2.55) 
(2.55) 
2.55 

2  50 

22 

2.50 
2.50 
2.55 
2.60 
2.50 
2.55 
2.50 

23 

2  48 

24 

25 

' 

2.0O 

•fR 

2.90 
2.93 
2.90 

2.58 

27 

2.55 

2  51) 

28 ' ' 

29 

1 

2  W 

30 

1 j ■ 

2.45 

2.92 

31 

1 

2.50 

1904. 
1 

2. 56         2.  S 

2.65 

2.65 

3.00 

3.00 
3,10 
3.  a') 

2.50 

2.40 

2.30 

2 

2.5 

2.36 
2  5 

2.3 
2.1 

3 

2.55 

2.76 

2.60 
2.60 

2.55 

3.a5 

2.45 

2.35 

4 

2.5 

' 

5 

2.4 
2.5 

2.75 

3.10 
3.0) 
3.10 

2.80 
2.80 
2.75 

2.70 

2.70 
2.75 

2.50 

6 

2.5 

2.55 
2.5 

2.30 

7 

■     >    ...    a     a 

2.3 

2.55 
2.45 

8 , 

2.56 

2.30 

9 

2.5 

2.3<J 

10 

2.3 

2.6 

3.05 

11 

2.5 

2.60 

3.a5 
....... 

2.46 

2.30 

12 

2.3 

13 

2.5 
....... 

2.6 

3.10 

2.56 

3.10 

2.40 

2.:^ 

14 

1.5 

2.3 

2.65 

2.85 

2.50 

3.10 

2.70 

2.40  1    2.30 

16. 

2.55 

2.25 

17 

3.1 

2.70 

3.10 

2.75 
2.80 

18 

2.5 

2.95 

2.40       2.25 

19 

2.3 
2.6 

3.05 

20 

2.75 

3.0 

2.90 
2.95 

2,W 

21 

2.5 

2.35 

22 

2.9 

1 

3.10 
3.15 

2.80 

23 

2.55 

2.65 

1 

1 

3.00 

2  30 

24 

25 

2.0 

2.6 

3.05 

3.10 
2.70 
2.60 

2.40 

2.30 

26 

2.55 

27 

1.9 
0 
0 
0 

1 
1 

±'20 

28 

2.65 
2.70 

1 
1 

2.40 

29 

2.55 

2.6 
2.9 

...... 

30 

3.05 

3.10 
3.10 

2.60 

31 

2.15 

Note.— Gage  heights  in  parenthesiB  arc  estimated. 
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RaHng  iahU/or  Fhrmeni'  eanal  near  Buhop,  Cbi.,  from  January  1  to  May  SI,  1904, 


^«        Dteh^q^. 


hSgft.   !  Uto^hante.       h?i^,.      Dl*h«Ke. 


FeA.  Stxond'/eet.  ,      FM.  Seeond-feet.  \. 

2.00  4  2.30                  10 

2.10  6  2.40                12 

2.20  8  2.50                15 


/brt.  Second-ffft. 

2.60  18 

2. 70  21 

2. 80  25 


Gafe 
hei^nt. 

IMarbarifc. 
Second-feei. 

FM, 

2.90 

30 

3.00 

35 

3.10 

40 

Raiing  tahU  for  Farmert^  canal  near  Buhop,  Col,,  from  June  1  to  December  SI,  1904. 


Sectmd-/eel, 


FM.  Second  feeL  Feet.  ,  Sectmd-Jeft. 

2.10  3  2.40  !  8 

2.20  5  2.50  10 

2.30  6  2.60  13 


Ftft.  Second-ftet.  Feet. 

2. 70  15  3. 00 

2. 80  18  3. 10 

2. 90  21  3. 20 


23 
26 
29 


Estimated  monthly  discharge  of  Farmers'  canal  near  Bishop,  Cat.,  for  1904, 


Diflchargre  in  seooDd-fe«t. 


Month. 


January  . 
February 
March  . . . 

April 

May 


June 

Jnlv 

August 

September 
October . . . 
November. 
December. 


Maximum. 

Minimum. 

1 

16 

1 

15 

16 

15 

10 

10  ' 

30 

1 
0 

32 

1 

6 

26 

13 

25 

10 

j 

28 

23 

26 

13, 

Total  in 
acre-feet. 


12 

8 
6 


6 

I 
4 


15.3 

15.2 

10 

10.2 

18.8 

21 

16 

26 

19 

9 

6 

5.7 


The  year. 


32 


0 


14.4 


941 

874 

615 

607 

1,156 

1,250 

984 

1,599 

1,131 

553 

357 

350 

10,417 


Note.— Discharge  interpolated  for  mlining  days. 

m'nalx.y  canai.  near  bishop,  CAL. 

This  station  was  established  July  31,  1903,  by  J.  C.  Clausen  and 
R.  S.  Hawley.  It  is  located  at  the  head  of  the  canal,  3i  miles  north 
of  Bishop,  Cal.  The  gage  is  a  1  by  3  inch  vertical  board  fastened  to 
the  headworks  of  the  canal.  Discharge  meajsurements  are  made  from 
a  footbridge.  The  initial  point  for  soundings  is  marked  on  the  foot- 
bridge near  the  right  bank.     The  channel  is  straight  for  50  feet  below 
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the  gage.  The  current  is  swift.  Both  bankn  are  high  and  will  not 
overflow.     The  bed  of  the  stream  is  rocky  and  permanent. 

No  gage  reader  could  be  obtained  for  this  station,  but  since  tke  gage 
was  installed  there  has  been  little  variation  in  the  amount  of  water 
flowing  in  the  canal. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  meoMiremenis  of  McNally  canal  near  Bishops  Col.,  in  1903  and  1904' 


Date. 


Uydrographer. 


1903. 

July  31 R.  S.  Hawley 

August  6 do 

August  17 do 

August  25 do 

September  4 do 

September  14 do 

September  21 do 

1904. 

April  2 

April  20 

May  14 

July  11 

July  30 

August  25 

September  5 . . 


6i 
hei& 


age 
iSht. 


R.  S.  Hawley 

....do 

....do 

J.  C.  Clausen  and  L.  M.  Barnes 

L.  M.  Barnes 

..*.do 

R.  S.  Hawley 


FeH. 

» 

1.40 
1.40 
1.36 
1.25 
1.25 
1.26 
1.10 

.80 
1.37 
1.52 
1.55 
1.90 
1.70 
1.75 


Diflchaxfre. 

Second-JecL 
66 
66 
63 
54 
52 
52 
40 

29 
68 
83 
81 
81 
50 
46 


Mean  <iaUy  gage  heighiy  hifeetj  of  McNally  canal  near  Bishop^  CaL.for  1904-^ 


Day. 


1. 
o 

3. 

4. 

5. 

6. 

/. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 


Jan. 

Feb. 

ft  0.00 

0.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
.00 
.00 
.00 
.00 
.00 
.00 


.00 
.00 
.00 
.00 
.00 
.00 
.00 


Mar. 

0.00 
.00 
.00 
.00 

Apr.       May. 

June. 

July. 

Oct. 

Nov. 

Dec. 

1.50 

1.60 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

0.00 

0.80 

.00 

1.80 

.00 

1 

.00 

.00 

... 



.00 

.00 

1.70 
1.50 

.00 

.00 

.00 

.00 

.90 

.00 

.00 
.00 
.00 

1.70 

.00 

.00 

1.30 
1.50 

1.65 
1.90 
1.80 

.00 

.00 

.00 

.00 
.00 
.00 

.00 

'      1.52 

1.60 
1.50 

.00 
.00 

a  Dry:  January,  February,  March.  October,  November,  and  December. 
bNo  record:  AugiLst  and  September. 
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Mean  daily  gage  height^  in  feet,  of  McNally  canal  near  Bishop,  Col.,  etc. — Continued. 

I 


16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


an. 

Feb. 

Mar. 

0.00 

0.00 

0.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

Apr. 


May. 


June.  I  July.       Oct. 


Nov. 


Dec. 


1                    1 

2.00 
2.10 


1.35 

* 

1 

1 

1 

1                                                  ' 

1 

1.40  1 

1 

**•«••••    ■•••■■•• 

1 

1.90 

•    ••••■■•■••■••■■a      •••••*•■ 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 


0.00 

0.00 

.00 

.00 

.00 

'  .60 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

Rating  table  for  Mc  Nolly  canal  near  Bishop,  Col,,  from  April  1  to  July  SI,  1904. 


Gage 
!    height 


Discharge. 


Qa^e 
helg 


age 
Ight. 


Discharge. 


Gage 
height. 


Discharge. 


FeeL 

0.70 
.80 
.90 

1.00 


Seamdr/eet, 
22 
29 
36 
43 


Feet. 
1.10 
1.20 
1.30  ' 
1.40  ! 


Second-/eet.         Feet,        fkrond-feet. 


50 
57 
64 
71 


1.50 
1.60 
1.70 
1.80 


78 
85 
92 
99 


Gage 
height. 


Feet. 
1.90 
2.00 
2.10 


Discliarge. 

Sccond-fcct. 
106 
113 
120 


Haling  table  for  McNally  canal  near  Bishop,  CaL,  from  August  1  to  December  31,  1904. 


Discharge. 


h2^\    i  D<»ch.rKC. 


Second-feet. 

Feet. 

10 

1.60 

20 

1.70 

Second-feet. 
30 
45 


Gage 


height. 

Feet. 
1.80 
1.90 


Discharge. 

Second-feet. 
62 

82 


Estimated  monthly  discharge  of  McNally  canal  near  Bishop,  CaL ,  for  1904. 


Discharge  in  second-feet. 


Month 


feet. 

Total  In 

Mean. 

acre- feet. 

50.6 

3,007 

80 

4,919 

80 

4,760 

100 

6,148 

The  period 


18, 834 


None. — Duchaige  interpolated  for  missing  days. 
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GEORGE   COLLINS'S  CANAL   NEAR  BISHOP,  CAL. 

This  station  was  established  August  17,  1903,  by  R.  S.  Hawley. 
It  is  located  at  the  footbridge  3  miles  east  and  o'ne-half  mile  north  of 
Bishop,  Cal.  The  gage  is  a  vertical  rod  fastened  to  the  bridge  near 
the  house  of  Arthur  Wines,  the  observer.  Discharge  measurements 
are  made  from  the  bridge.  The  initial  point  for  soundings  is  marked 
on  the  footbridge  near  the  right  bank  of  the  canal.  The  channel  is 
straight  for  75  feet  above  and  for  50  feet  below  the  station.  The  cur- 
rent is  sluggish.  The  right  bank  is  low  and  the  left  bank  is  high. 
Neither  bank  is  liable  to  overflow.  The  bed  of  the  stream  is  composed 
of  sand  and  is  fairly  permanent. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  measurements  of  George  Collinses  canal  near  Bishop,  Oat/.,  in  I90S  and  1904- 


Date. 


Hydrographer. 


1903. 

July  31 

August  11  ... 
August  17  ... 
August  27  . . . 
September  7  . 
September  14 
October  23... 


1904. 
February  4 


R.  S.  Hawley 
do 


do 
.do 
.do 
do 
do 


R.  S.  Hawley 


April  2 do 

April  14 do 

....do 


Diachar;^. 


June  8 

July  12 

August  6... 


J.  C.  Clausen  and  L.  M.  Barnes 

L.  M.  Barnes 

August  20 do 

October  10 R.  S.  Hawley  and  R.  J.  Taylor. 

November  1 R.  J.  Taylor 


1.00 

1.01 

.94 

.98 

.60 

.30 
1.20 

.70 
1.58 
1.50 
1.50 
1.55 
1.03 

.80 


Second-feet. 
4.9 
.6.6 
6.3 
6.0 
5.5 
5.5 
2.8 

1.5 

11.1 

4.2 

14.0 

9.6 

9.7 

9.3 

1.8 

.7 
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}ftan  daily  gage  heighty  in  feet,  of  George  OMing^s  canal  near  Bishop ,  Col.  ^  for  J  90S  and 

1904. 


DMy. 

Jan. 

Feb. 

Mar. 

Apr. 



May. 



June. 

July. 

Auk. 

Sept. 

1.08 

.98 

.97 

.98 

.97 

.98 

.97 

.95 

.95 

.95 

.95 

.92 

.93 

.95 

.95 

.95 

.96 

.97 

.95 

1.36 

1.35 

1.35 

1.35 

1.35 

i.a5 

1.35 
1.35 
1.20 
1.20 
1.20 

1.55 

Oct. 

0.96 
.95 
.96 
.96 
.96 
.95 
.95 
.96 
.96 
.95 
.95 

«.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.85 
.85 

rf.75 
.75 
.75 
.75 
.75 
•75 
.75 
.75 
.75 

1.0 

Nov. 

0.76 
.76 
.76 
.75 
.75 
.70 
.70 
.70 
.70 
.70 
.75 
.76 
.75 
.75 
.75 
.75 

ft. 60 
.50 
.50 
.50 
.56 
.55 
.56 
.55 
.65 
.65 
.62 
.70 
.70 
.85 

Dec. 

1908. 
1 

0.75 

2 

1 , 

' i ' 

.75 

...................   .            -   — .    , 

3 ! 

.76 

4 ' : ! 

.76 

!                                                  1 
n - 

.70 

|......                .    ,    

6 ; 

1 

.65 

7 ' ' : 



'    "              1 

.65 

s ' 

■ 

.65 

9 

__--.___----. 

.65 

10 , 

.it5 

11 

.65 

12 ; 

.65 

13 

.63 

.62 

15 

■  ■         •      • 

.63 

1 

....... 



1.00 

.98 

.92 

.93 

.92 

.70 

.73 

.70 

.90 

.90 

.90 

.97 

1.03' 

1.02 

1.03 

1.04 

1.5 

.62 

17 1 

.63 

.60 

19 

.60 

.60 

21 < 



(0 

23 

!••«■•• 

'S* 

1 

27 

'         1 

29 

1 

■ 

31 

!                -^ 

1904. 
1 

ifO.OO 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
-.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.2 
.2 

.2 
.2 
.3 
.fi 
.3 

0.2 
.2 
.2 
.2 
.2 
.2 

^.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.2 
.3 

1,3 
1.3 
1.8 
1.2 
1.2 
1.2 
1.2 
1.2 
.9 
.9 

.9 
.9 

•7 
.7 

.7 

.7 

.s 

.8 

0.6 
.6 
.6 
.6 
.6 
.7 
.  / 
.6 
.6 
.8 

1.1 
1.3 
1.3 
1.6 
1.6 
1.6 
1.6 

1.5 
1.5 
1.5 
1.6 

1.3 
1.3 
1.3 

3 

1.5 

1.49 
1.1 

1.3 
1.3 

... 

5 

1.3 

1.5 

.5 

1.6 

/.............. 

1.6 

1.6 
1.6 
1.5 
1.6 

1.4 
1.4 
1.4 

1.4 

1.35 

1.3 
1.5 
1.5 
1.5 
1.5 
1.6 

1.0 
1.4 

9 

11           

1.5 

.7 

13 

1.5 

.6 

15           

1.5 

1.3 

1.3 
1.1 
1.1 
1.4 

....... 

1.0 
.9 
.6 

17 



1.6 



1.3 

1^ 





a  Fall infr  slowly;  no  .storms. 

ft  Falling  faj^t. 

«  Canal  turned  off. 

rf  Falling  slightly. 

cDry:  January  1  to  February  10:  March  7-16;  March  21-22. 
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Mean  daily  gage  height^  in  feet  ^  of  George  Collins' 8  canal  near  Bishop,  Col.,  etc. — Cont'd. 


Day. 

19.. 

1904. 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

30 

31 

ran. 

Feb. 

0.00 

0.2 

.00 

.2 

.00 

.2 

.00 

.3 

.00 

.3 

.00 

,6 

.00 

.5 

.00 

.5 

.00 

.3 

.00 

.4 

.00 

.4 

.00 

.00 

Mar. 

Apr. 

May. 

0.2 

0.9 

1.6 

.2 

1.0 

1.6 

".00 

1.0 

1.6 

.00 

1,0 

1.5 

.5 

1.1 

1.4 

.3 

1.1 

1.5 

.8 
1.4 

1.2 

1.5 
1.5 

1.43 

1.1 

1.6 

1.4 

1.0 

1.6 

1.4 

.H 

1.6 

1.4 

.6 

1,6 

1.3 

1.6 

June. 
1.5 

July. 
1.2 

Aug. 

Sept. 

Oft. 

Nov. 

Dec. 

1.5 
1.6 
1.55 

1.4 
1.4 

1.6 

.8 

(«») 

1.5 

1.2 

1.5 

1 

1.5 

1.5 
1.5 

■ 

1.5 

1.5 

1.5 

1 

1 
1.4 

1.4 

1.55 

1.5 

1.5 

1.5 
1.55 

1 

1.8 

1.2 

....... 

1 

1 

' 

■•••««» 

a  Dry:  January 
ft  Water  shut  off 


1  to  February  10;  March  7-16;  March  21-22. 
for  remainder  of  year. 


Rating  table  for  George  (bllins^8  canal  near  Bishop^  Cal,ffroin  January  1  to  Jutu  SO,  1904- 


Gage 
height. 

DiHfharge. 

Gage 

'    height. 

1 

Discharge. 
Second-feet. 

Gnge 
height. 

Feet. 

1 
Discharge. 

Gage 
height. 

Discharge. 

1 

Feet. 

Secotid-feet. 

Feet 

Second-feet. 

Feet. 

Second-fct^t.  ' 

0.30 

1 

!     0.70 

5  : 

1.10 

9 

1.40 

12 

.40 

2 

.80 

6 

1.20 

10 

1.50 

13 

.50 

3 

.90 

7 

1.30 

11 

1.60 

15     1 

.60 

4 

1.00 

8 

1 

Rating  table  for  George  Coll  Ins' 8  canal  near  Bishop^  ("al.^from  July  1  to  Deccmlter  SI,  1904. 


Gage 
height. 


Feet. 

0.80 

.90 

1.00 


Discharge. 

Sectmd-fecl. 
0 
1 
2     I 


Gage 
height. 


Feet. 
1.10 
1.20 


Discharge. 


Second-feet. 
3 
4 


Gage 
height. 


Discharge. 


Gage 
height. 


Feet. 
1.30 
1.40 


Second-feel,  i'      Feet. 

6  ||     1.50 

7  ;      1.60 


Diwhanre. 

Sccond'feet. 
9 
11 


f  LAPP.) 
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EMimaUd  monthly  digckarge  of  George  ()oUins*s  canal  near  Bishop,  Cal.j  jor  1904, 


Month. 


Febmary  ... 

March 

April 

May 

Jane 

Julv 

Auj^ost 

September  . . 
October  1-20 


The  period 


DischarK^*  In  serond-fect. 


Maximum. 


Minimum. 


Mean. 


Total  in 
acre-fevt. 


4 
12 
11 
15 
15 
10 
11 
13 
11 


0  ' 

0  I 
4  ' 
4 
12 
0 
6 
0 
0 


1.1 

2.7 

7.9 
10.5 
13.7 

6 

9 

6 

3 


63 
166 
470 
646 
815 
369 
553 
357 
119 


3, 558 


Note.— Discharge  interpolated  for  missing  days. 

BISHOP  CREEK   NEAR   BISHOP,  CAL. 

This  station  was  established  August  10,  1903,  b}'  J.  C.  Clausen  and 
R,  S.  Hawley.  It  is  located  at  the  wagon  bridge  on  the  Bishop  road, 
about  4i  miles  from  Bishop  and  about  2  miles  from  the  point  where 
the  creek  leaves  the  canyon.  North  Hillside  canal.  South  Hillside 
canal,  and  Powers  canal  are  taken  out  above  the  station.  The  gage  is 
a  1  by  3  inch  vertical  rod  fastened  in  the  rocks  and  braced  to  the  right 
hank  just  above  the  wagon  bridge.  It  is  read  once  each  day  by  A.  S. 
Kilpatrick.  Discharge  measurements  are  made  from  the  wagon  bridge. 
The  initial  point  for  soundings  is  marked  on  the  bridge  near  the  right 
bank  of  the  stream.  The  channel  is  straight  for  100  feet  above  and 
for  50  feet  below  the  station.  The  current  is  swift.  Both  banks  are 
high  and  rocky  and  are  not  liable  to  overflow.  The  bed  of  the  stream 
is  ix>ugh  and  rocky  and  is  permanent.  The  bench  mark  is  a  large  flat 
granite  bowlder  on  the  right  bank,  40  feet  above  the  bridge. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  dis-trict  hydrographers. 

]RR  134--05 15 
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[NO.  134. 


Discharge  measurements  of  Bishop  Creek  near  Bishop,  Cal.,  in  190S  and  1904' 


1903. 

August  9 

Au^8tl9 

August  25 

September  3 . 
September  7  . 
September  15 
September  21 
October  24... 
November  20. 
December  26. 


1904. 

January  23 

February  20  . 

March  14 

April  8 

A.pril25 

April  30 

May  17 

Junes 

July  12 

Augusts 

September  7  . 
October  15... 
November  9.. 
December  5.. 


R.  S.  Hawley 

do 

do 

do 

do 

do 

do 

do 

do 

do 


R.  S.  Hawley 

do 

do 

E.  C.  Murphy,  S.  G.  Bennett,  and  R.  S.  Hawley. 

R.  S.  Hawley 

do , 

do 

do 

J.  C.  Clausen  and  L.  M.  Barnes 

L.  M.  Barnes 

R.  S.  Hawley 

R.  S.  Hawley,  W.  B.  Ciapp,  and  R.  J.  Taylor. 

R.  J.  Taylor 

do 


FttL 
2.45 
2.17 
2.20 
1.99 
1.80 
1.65 
1.60 
1.39 
1.41 
1.35 

1.40 

1.50 

1.65 

1.60 

2.05 

2.00 

2.95 

3.65 

3.00 

3.30 

2.10 

2.30 

1.75  , 

1.39 


Discharge. 

Second-feet, 
121 
95 
96 
a  67 
52 
40 
38 


27 


26 
25 

30 
33 
42 
'M 
75 
67 
180 

197 

240 

74 

a5 

49 
20 


a  Corrected  discharge. 
Mean  daily  gage  height^  in  feet,  of  Bishop  Creek  near  Bishop^  CaL^for  190S  and  1904. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May.. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1.. 

1903. 

2.00 
1.95 
1.90 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.80 
1.80 

1.60 

i.eo 

1.70 
l.TO 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 

2 

1 

3 

1 

4 

1 

5 

6 

7 

8 

' 

9 

■ 

* 
1 

10 

11 

....... 

2.50 

Nov. 

Dec. 

1.46 

1.30 

1.4.5 

1.90 

1.45 

1.30 

1.45 

1.35 

1.45 

1.35 

1.45 

1.35 

1.45 

1.40 

1.45 

1.40 

1.45 

1.40 

1.45 

1.40 

1.45 

1.40 

CLAPP.] 


THE    OBEAT   BASIN    DRAINAGE. 


227 


Mean  daily  gage  height^  in  feel,  of  Bishop  Creek  near  Bishop,  Co/.,  etc. — Continued. 


Day. 


Jan. 


12. 

13. 
14. 
15. 
16. 


18. 
19. 
•JO. 
21. 

23. 
24. 
25. 
'i6. 
27. 
•2S. 
29- 
30. 
31. 

1. 

2. 

3. 

4. 

5. 

6- 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
II. 
15. 
16. 
17. 
\H. 
V3. 
20. 
21. 
'22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
3D. 
31. 


1903. 


19D4. 


Feb.  '  Mar. 


Apr. 


1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1  4 


May. 


Jane. 


July. 


1.4 

1.4 

1.4 

1.4 

1.6  I 

1.5  I 

1.5  ' 

1.6 

1.5 

1.5 

1.5 

1.6 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.6 

!.5 

1.5 

1.6 

1.5 

1.5 

1.6 

1.6 

1.6 


1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.6 
1.6 
1.6 
1.6 
1.5 
1.5 

1.6 ; 

1.6 
1.9 
1.8 
1.7 
1.8 
1.'' 
l.G 


1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.5 
1.6 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.8 
1.8 
1.8 
1.8 
1.8 
1.7 
1.6 
1.8 
2.1 
2.4 
2.8 
2.8 
2.2 
2.1 
2.0 
2.0 


1.6 


2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.1 
2.1 
S.1 
2.2 
2.4 
2.5 
2.6 
2.8 
2.8 
2.8 
2.9 
2.9 
2.8 
2.8 
2.9 
2.9 
2.9 
3.0 
3.0 
8.2 
8.1 
3.1 
8.1 
8.1 
3.2 


8.2 
8.3 
3.7 
3.8 
8.9 
3.8 
3.7 
3.6 
8.6 
3.6 
3.7 
3.7 
3.8 
8.9 
4.0 
4.1 
4.1 
4.1 
4.1 
4.0 
4.0 
3.9 
8.9 
8.7 
8,7 
3.7 
8.5 
3.4 
3.4 
3.4 


Aug. 


8.8 

3.3 

8.1 

8.1 

8.2 

3.2 

8.16 

8.1 

8.1 

3.1 

3.0 

2.9 

2.9 

2.9 

2.8 

2.8 

2.8 

2.8 

2.8 

3.0 

3.2 

8.2 

3.1 

8.2 

3.5 

8.5 

8.5 

8.5 

3.5 

3.6 

3.7 


2.60 
2.50 
2.40 
2.80 
2.30 
2.80 
2.20 
2.20 
2.60 
2.20 
2.20 
2.25 
2.20 
2.15 
2.15 
2.10 
2.06 
2.05 
2.05 
2.00 

8.7 
8.6 
3.6 
8.5 
3.5 
3.6 
8.7 
3.8 
3.7 
3.7 
3.6 
8.2 
3.0 
2.9 
2.9 
2.8 
2.7 
2.7 
2.6 
2.6 
2.6 
2.7 
2.7 
2.6 
2.5 
2.4 
2.5 
2.5 
2.3 
2.1 
2.1 


Sept. 


1.75 
1.76 
1.70 
1.70 
1.65 
1.60 
1.60 
1.60 
1.60 
1.60 
1.70 
1.60 
1.60 
1.60 
1.65 
1.60 
1.60 
1.70 
1.65 


2.1 

2.1 

2.1 

2.1 

2.1 

2.0 

1.95 

1.95 

1.9 

1.9 

1.85 

1.85 

1.85 

1.85 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.85 

1.85 

1.9 

1.9 

2.0 

1.9 

1.85 

1.9 

2.0 

2.1 


Oct.   !  Nov. 


1.70 

1.70 

1.70 

1.66 

1.65 

l.TO 

1.66 

1.60  I 

1.60  ' 

1.46 

1.46  I 

1.45  I 

1.45 

1.45  . 

1.45 

1.45  I 

1.45 


1.45 
1.45 
1.45 


2.1 

2.2 

2.4 

2.4 

2.4 

2.8 

2.2 

2.2 

2.2 

2. 15 

2.15 

2.1 

2.1 

2.05 

2.0 

2.0 

2.0 

1.95 

1.95 

1.95 

1.9 

1.9 

1.95 

1.95 

2.0 

2.0 

2.0 

1.9 

1.85 

1.U5 

1.9 


1.45 
1.45 
1.46 
1.46 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 


1.9 

1.9 

1.8 

1.8 

1.8 

1.85 

1.8 

1.76 

1.7 

1.65 

1.65 

1.6 

1.6 

1.6 

1.6 

1.55 

1.55 

1.6 

1.5 

1.5 

1.5 

1.5 

1.5 

1.6 

1.6 

1.5 

1.5 

1.5 

1.5 

1.5 


Dec. 


1.40 
1.40 
1.40 
1.40 
1.46 
1.46 
1.45 
1.46 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 

1.6 

1.5 

1.5 

1.45 

1.45 

1.4 

1.4 

1.45 

1.45 

1.5 

1.5 

1.45 

1.45 

1.45 

1.45 

1.5 

1.5 

1.46 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.36 

1.35 

1.4 

1.4 

1.4 

1.4 
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[no.  1$4. 


Rating  table  for  Bishop  Creek  near  Bishop,  Col. ,  from  January  1  to  December  SI,  1904. 


Gage 
height. 

1 

Discharge. 

1 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
1    height. 

Discharge.  , 

Feel. 

Second-fed. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1 

Feet. 

1 

Second-feet,  i 

1.30 

22     1 

2.10 

80 

2.90 

183 

3.60 

327 

1.40 

27     1 

2.20 

90 

3.00 

200 

3.70 

355 

1.50 

32 

2.30 

101 

3.10 

218 

3.80 

386 

1.60 

39 

2.40 

113 

3.20 

237 

3.90 

417 

1.70 

46 

2.50 

125 

3.30 

257 

4.00 

448     I 

1.80 

54 

2.60 

138 

3.40 

279 

4.10 

479 

1.90 

62 

2.70 

152 

3.50 

302 

4.20 

510 

2.00 

71     i 

2.80 

167 

1 

1 

1 
1 

Estimated  mordldy  discharge  of  Bishop  Creek  near  Bishop,  CaL,  for  190S  and  1904. 


Month. 


1903. 


August  11-31 
September  .. 

October 

November... 
December . . . 


The  period 


Discharge  in  second-feet. 


Maximum.     Minimum 


125 
71 
46 
30 
30 


71 
39 
30 
27 
22 


1904. 


January.. 
February 
March  . . . 

April 

May 

June 

Julv 


August 

September 
October . . . 
November. 
December . 


The  year. 


27 

39 

62 

113 

237 

479 

355 

386 

80 

113 

62 

32 

479 


27 
27 
32 
32 
71 
237 
167 
80 
54 
58 
32 
24 


Mean. 


95.8 
50.5 
38.6 
28.6 
27.3 


Total  in 
acre-feet. 


3,990 
3,005 
2,373 
1,702 
1,679 


27 

31.8 

42 

56.6 
149.3 
372.8 
233 
212 

64 

78 

41 

29 


12,  749 


24   111 


1,660 

1,829 

2,582 

3,3<)6 

9,180 

22,183 

14, 327 

13,035 

3,808 

4,796 

2,440 

1,7S3 

80,989 
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RAWaON   CANAL  NEAR   BISHOP,  CAL. 

This  station  was  established  August  7,  1903,  by  R.  S.  Hawley. 
It  is  located  at  the  county  bridge  2^  miles  east  of  Bishop,  Cal.  The 
gage  is  a  vertical  rod  fastened  to  the  bridge  from  which  discharge 
measurements  are  made.  The  gage  is  read  once  each  day  by  Paul 
McDonald.  The  initial  point  for  soundings  is  marked  on  the  bridge 
near  the  right  bank  of  the  canal.  The  channel  is  straight  for  KK)  feet 
above  and  below  the  station  and  the  current  is  swift.  The  right  bank 
Ls  high  and  the  left  bank  is  low.  Neither  bank  is  liable  to  overflow. 
The  bed  of  the  stream  is  composed  of  gravel  and  is  permanent. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Dincharge  meamiremenls  of  Rawmm  canal  near  Bishop^  Cal. ,  in  190S  and  1904. 


Date. 


July  31 

August? 

August  11 

August  17 

August  27 

September  7 . 
September  14 
October  24... 
November  27. 


1904. 
February  4  . . . 
February  11  .. 

April  2 

April  14 

June  8 

July  12 

Augusts 

August  20 


Uydrogntpher. 


hell^t.      Discharge. 


R.  S.  Hawley 
do 


do 
.do 
.do 
do 
.do 
do 
do 


Feet. 


R.  S.  Hawley 

do 

do 

do 

do 

J.  C.  Clausen  and  L.  M.  Bamee. 

L.  M.  Barnes 

do 


1.70 
1.62 
1.85 
1.73 
1.77 
1.81 
1.73 
1.60 

1.66 
2.01 
1.50 
1.87 
1.96 
1.75 
1.80 
2.23 


Second-feet. 
17.0 
17.6 
13.6 
20.3 
17.1 
18.2 
17.1 
15.4 
13.0 

16.6 
36 
9.4 
27 
24 

18.8 
21 
31 
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STREAM   MEASUREMENTS   IN  1904,  PART   XI. 


[NO.  184. 


Mean  daily  gage  height,  in  feet,  of  Rawson  canal  near  Biskop,  CkU,,  for  190S  and  1904. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

:  Nov. 

Dec. 

1903. 
1 

1.74 
1.72 
1.76 
1.73 
1.74 
1.80 
1.79 
1.80 
1.76 
1.78 
1.77 
1.85 
1.90 
1.72 
1.80 
1.85 
1.93 
1.94 
1.99 
2.10 
2.10 
1.94 
1.92 
1.93 
1.94 
2.04 
2.00 
2.00 
2.01 
2.00 

.2.25 
2.2 
2.1 
2.1 
2.0 
2.1 
2.1 
2.1 
2.0 
2.0 
2.0 
2.0 
2.1 
2.2 
2.1 
2.1 
2.1 
2.2 
2.2 
2.3 
2.3 
2.3    ' 
}r28to 

2.00 

2.00 

1.96 

1.98 

1.93 

l.M 

1.91 

1.92 

2.01 

2.01 

1.80 

1.75 

1.76 

1.70 

1.70. 

1.70 

1.65 

1.65 

1.80 

1.75 

1.70 

1.65 

1.70 

1.78 

1.76 

1.76 

1.77 

1.63 

1.59 

1.59 

1.59 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Decern 

1.69 
1.68 
1.60 
1.60 
1.60 
1.63 
1.68 
1.63 
1.66 
1.66 
1.65 
1.61 
1.63 
1.60 
1.70 
1.80 
1.92 
1.92 
1.98 
1.90 
1.90 
1.90 
1.91 
1.90 
1.90 
1.90 
1.63 
1.50 
1.51 
1.65 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00  ! 

.00 

.00 

.00 

.00 

.00 

.00 

.08 

berSl. 

1  65 

2 

1  64 

3 

1  70 

4 

1  71 

5 

1 

1  70 

6 

..         '....... 

1.35 

7 

1 

1 
1 

1  35 

8 

1 

•••.•.« 

1.43 

9 

1  35 

10 

1 

1.80 

11 

1.60 
1.80 
1.90 
1.90 
1.85 
1.80 
1.85 
1.82 
1.81 
1.86 
1.84 
1.82 
1.81 
1.80 
1.75 
1.74 
1.74 
1.76 
1.73 
1.74 
1.72 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.75 
1.76 
1.76 
1.7 
1.7 
1.7 
1.7 
1.75 
1.7 
1.65 
1.9 
1.9 
2.2    ; 
2.2    1 
^ptemlM 

1  30 

12 

1.30 

13 

1                  ..« 

1.39 

14 

1 "  * ' 

1 

1.30 

15 

1 
1             1 

1.42 

16 

1.44 

17 

1.45 

18 

1.10 

19 

1.10 

20 

1.10 

21 

1  10 

22 

1.30 

23 

1.10 

24 

....... 

1.10 

25 

1.10 

26 

1.30 

27 

■ 

1.30 

28 

1 

1.30 

29 

1.30 

30 

*■  "r  * 
1 

1.30 

31 

1 

1.30 

1904 
1 

«0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00  1 

inuary 

0.00 
.00 
1.65 
1.65 
1.8 
1.9 
1.9 
1.9 
1.9 
1.9 
2.0 
2.0 
2.1 
2.4 
2.4 
1.85 
1.8 
1.75 
1.75 
1.7 
1.7 
1.8 
1  to  Fel 

1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.67 
1.75 
1.75 
1.7 
1.73 
1.7 
1.7 
1.7 
1.7    ! 
1.7 
1.75  ' 
1.7 
1.65 
briiary 

1.5 
1.5 
1.5 
1.5 
1.6 
1.5 
1.5 
1.5 
1.8 
1.8 
1.9 
2.0 
2.0 
1.9 
1.9 
1.9 
1.65 
1.65 
1.65 
1.85 
1.9 
1.9 
2;  Juno 

1.9 
1.9 
1.85 
1.85 
1.85 
1.9 
1.9 
1.9 
1.9 
1.85 
1.9 
1.9 
1.9 
1.9 
2.0 
2.0 
2.0 
2.0 
2.0 
1.95 
2.0 
1.9 
5,  6,  7: 

2.1 

1.9 

1.9 

1.9 

a. 00 
.00 
.00 

2.0 

1.9 

1.9 

1.9 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 
July  a 

1.9 
1.9 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.75 
1.7 
1.7 
1.66 
1.66 
1.8 
l.H 
1.9 
1.9 
1.9 
1.95 
1.95 
J,  27;  Sc 

.00 

2 

.00 

3 

.00 

4 

.CO 

5 

.00 

6 

.00 

7  

.00 

8 

.00 

9 

.00 

10 

.00 

11 

.00 

12 

.00 

13 

.00 

14 

.00 

15 

.00 

16 

.00 

17 

.00 

18 

.00 

19 

.00 

20 

.00 

21 

.00 

22 

.00 

«Dr>',  Ji 
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Mean  daily  gage  height,  in  feet,  of  Raw90fi  canal  near  Bishop,  Od.,  etc. — Continued. 


Day. 

Jan. 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Feb. 

Mar. 

Apr. 

May. 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
2.0 

1904. 
23.. 

1.76 

1.75 

1.7 

1.75 

1.7 

1.7 

1.7 

1.66 

1.7 

1.7 

l..V> 

1.6 

1.5 

1.56 

1.55 

1.5 

1.9 

1.9 

1.9 

1.85 

1.9 

1.9 

1.9 

1.9 

24 

25 

2e 

•27 

28 

29 

30 

SI 

2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 


July. 


2.2 
1.4 
1.4 
o.O 
.00 
1.96 
1.96 
1.85 
1.8 


Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

2.26 

2.8 

.00 

0.00 

0.00 

2.25 

2.8 

.00 

.00 

.00 

2.8 

2.8 

.00 

.00 

.00 

2.8 

2.8 

.00 

.00 

.00 

2.8 

2.4 

.00 

.00 

.00 

2.8 

a.  00 

.00 

.00 

.00 

2.8 

.00 

.00 

.00 

.00 

2.26 

.00 

.00 

.00 

.00 

2.8 



.00 

.00 

Rating  table  for  Rawwn  canal  near  Biahop,  CaL^from  January  1  to  May  SJ,  1904. 


F\Kt.        Seeond-/eet. 
14 
18 
23 


Gage 
height. 

Discharge. 

1 

Gage 
height. 

Dlaehaige. 
Fecond-Jeet. 

1 

Second-feet.  > 

Feet. 

1.90 

29 

2.20 

48 

"    2.00 

35     ' 

2.30 

55 

^     2.10 

1 

41 

Rating  table  for  Rawmn  canal  near  Bishopj  Cdl.,  from  June  1  to  September  SO,  1904. 


h^,.  ,  w^i-nte.     hSSft. 


Dtochante.   '   h^« . 


Feet.       Second-feet. 


1.40     I 

1.50 
1.60    I 


Feet,      t  Second-feeL 


5      )     1. 70 


9 
12 


1.80 
1.90 


16 
19 
23 


Feet. 
2.00 
2.10 
2.20 


Discharge. 


I   heigift   :  Dl«"«arge. 


Second-feet. 
26 
30 
33 


Feet.        Second-feet. 
2.30  37 

2.40  40 


I 


Eiiimated  monthly  discharge  of  Rawson  canal  near  Bisfiop,  Cal.,  for  1904. 


Month. 


Febniary  . 

March 

April 

May 

June 

July 

August 

September 


The  period 


Discharge  in  second-feet. 


Maximum.     Minimum. 


Jt. 

Mean. 

Total  in 
acre-feet. 

26.2 

1,403 

16.6 

1,018 

22.1 

1,319 

30 

1,845 

23.1 

1,374 

20 

1,230 

26 

1,599 

29 

1,726 

11,514 
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A.  O.  COLLINS'S  CANAL  NEAR  BISHOP,  CAL. 

This  station  was  established  August  7, 1903,  by  R.  S.  Hawle3^  It  is 
located  at  the  county  bridge;  3  miles  east  of  Bishop,  Cal.  The  gage  is 
a  vertical  rod  fastened  to  the  right  bank,  just  above  the  bridge  from 
which  discharge  measurements  are  made.  It  is  read  once  each  da}'  by 
Paul  McDonald.  The  initial  point  for  soundings  is  marked  on  the  foot 
log  near  the  right  bank  of  the  canal.  The  channel  is  straight  for  liH) 
feet  above  and  for  50  feet  below  the  station.  The  current  is  sluggish. 
Both  banks  are  high  and  are  not  liable  to  overflow.  The  bed  of  the 
stream  is  sandy  and  shifting. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  meamrements  of  A,  0.  Collins' 8  canal  near  Bishop,  Cal,,  in  190S  and  1904. 


Date. 


Hydrographer. 


1903. 

July  31 R.  S.  Hawley 

AuguHt  7 do 

August  11 do  

August  17 do 

August  27 do 

September  7 do 

September  14 do 

October  23 do 


1904. 

February  4 

April  14 

June  8 

June  12 

August  6 

August  20 

September  6  . . . 
October  10 


R.  S.  Hawley 

....do 

....do 

J.  C.  Clausen  and  L.  M.  Barnes 

L.  M.  Barnes 

...do 

R.  S.  Hawley 

R.  S.  Hawley  and  R.  J.  Taylor 

Octol)er  14 W.  B.  Clapp,  R.  S.  Hawley,  and  R.  J.  Taylor. . 

November  1 R.  J.  Taylor 

December  1 do 


Gaj?« 
height. 

Discharge. 

Feet. 

Secomd-feei, 

12.1 

2.2 

8.3 

2.0 

3.9 

1.82 

2.6 

2.1 

8.8 

2.1 

7.9 

2.1 

7.6 

1.65 

1.2 

1.80 

6.2 

1.95 

7.8 

3.67 

40 

3.80 

28 

3.46 

19.8 

3.35 

14.3 

3.29 

17.1 

2.73 

'              4.4 

2.58 

2.8 

2.50 

*>  1 

2.48 

1.8 

cr-APP.] 
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Mean  daily  gage  height^  in  feel^  of  A.  0.  CoHiiw*8  canal  near  Bishop^  Cai^^for  190S  and 

1904. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

1 
Aug. 

1908. 
1 

•> 

1   ' 

' 

3 

....... 

1 

4 

1 

.......1....... 

-__    __-  _  _ 

' 

5 

.......{....... 

6 

1....  .......... 

1 

-. 1 

1 



8 

1          1 

9 

1 

10 

1 

.......|....... 

11 

; 

....  —  1 
2.00 
1.80 
1.80 
1.80 
1.80 
1.70 
1.82 
1.74 

12 

1 

13 

14 



I 
•  «  ■  ■  ■  ' 

16 

1 

16 

1 1 

17 

1 

18 

19 

2.20 

20 

2.12 

21 

1 
« 

1 

2.10 

■22 

' 1 

2.04 

23 

• 

2.10 

21 

2.10 
2.03 

25 

26 

1 

2.08 

27 

•  «•••■•'«•••■■>  •••«••• 

2.10 

28 

1 

1 

2.01 

29 

1 

^^^^^^^»__ 1  

2.10 

30 

2.00 

31 

2.04 

19D4. 
1 

a  0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 



0.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
2.00 
2.60 
2.60 
2.50 
2.50 
2.60 
2.60 
2.70 
2.50 
2.60 

1.80 
1.80 
1.80 
1.80 
1.85 
1.80 
1.78 
2.00 
2.00 
2.10 
2.00 
2.10 
2.00 
2.00 
2.00 
2.00 
2.10 
2.00 
1.70 
1.70 

1.70 
1.65 
i:65 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.80 
2.00 
1.90 
1.90 
1.90 
1.90 
2.10 
2.00 
2.00 
2. '20 

1.90 
1.90 
1.85 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.76 
1.75 
1.80 
1.95 
1.96 
3.10 
3.10 
3.10 
3.10 
3.20 
3.20 

2.20 
3.00 
3.20 
3.40 
3.50 
3.50 
3.50 
3.60 
3.60 
3.70 
3.70 
3.80 
3.80 
3.90 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 

3.90 
4.00 
4.00 
4.00 
4.00 
4.00 
3.90 
3.90 
3.90 
3.90 
3.90 
3.85 
3.80 
3.80 
3.75 
3.70 
3.70 
3.60 
3.60 
3.60 

8.50 

2 

3.56 

3 

3.65 

4 

3.60 

5 

3.60 
3.45 

6 

^ 
#.•.«..•••.••.• 

3.45 

3.50 
3.50 

9 

10 

8.45 

11 

8.40 

12 

^3 ■ 

14 

15 

3.40 
3.35 
3.46 
3.50 
3.45 
3.40 
3.40 
3.35 
3.30 

16 

17 

18 

19 

» 

2.06 

2.10 

2.10 

2.10 

2.01 

2.01 

2.01 

2.01 

2.01 

2.02 

2.02 

2.06 

2.07 

2.02 

2.08 

2.04 

2.14 

2.10 

2.07 

2.09 

2.07 

2.20 

2.80 

2.40 

2.50  ^ 

2.40  I 

2.70  i 

2.40 

2.04 

2.40 


3.25 
8.20 
3.10 
3.10 
3.30 
3.30 
3.30 
3.30 
3.30 
3.25 
3.20 
3.20 
3.30 
3.30 
3.20 
3.20 
3.20 
3.30 
3.30 
3.30 


Oct. 


2.40 
2.00 
1.65 
1.65 
2.10 
2.30 
2.40 
2.40 
2.00 
1.66 
1.65 
1.65 
1.66 
1.65 
1.66 
1.&5 
1.65 
1.65 
1.65 
1.66 
1.65 
1.65 
1.65 
1.65 
2.40 
2.50 
2.40 
2.40 
2.40 
2.06 
2.09 

2.90 
2.90 
2.90 


Nov. 


1.99 
1.99 
2.00 
2.00 
2.00 
2.40 
2.00 
2.10 
2.00 
2.20 
2.10 
2.40 
2.80 
1.60 
1.50 
1.66 
1.80 
1.81 
1.82 
1.80 
1.80 
1.83 
1.60 
1.62 
1.53 
1.51 
1.50 
1.66 
1.61 
1.65 


J.^GC» 


2.50 
2.50 


! 


1.60 
1.52 
1.60 
1.65 
1.60 
1.90 
1.85 
1.90 
1.90 
1.82 
1.80 
1.80 
1.60 
1.72 
1.72 
1.90 
1.70 
2.10 
1.70 
1.72 
1.70 
1.73 
1.70 
1.72 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 

2.60 


0.  w 

8.00 

•  •••• .- 

8.10 

2.60  

8.20 

2.50  ' 

8.00 

2.80 

1 

2.80 

2.50  

2.50  

2.80 

2.50 

2.90 

2.90 

2.50  

1 

2.90 

2.50 

2.50  

2.80 

2.50  

2.80 

2.50 

a. 00 

2.60 

.00 

a  Dry;  January  1  to  February  10;  October  19-25. 
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Mean  daily  gage  height,  in  feet,  ofA.O,  Collins*  8  canal  near  Binhop,  Col.,  etc, — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

3.20 
3.10 
3.20 
3.20 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.60 

June. 

1.00 
4.00 
4.10 
4.10 
4.10 
4.00 
4.00 

4.00 
4.00 

July. 

Aug. 

3.30 
3.36 
3.30 
3.30 
8.80 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 

Sept. 

Oct. 

Nov. 

Dec. 

1904. 
21 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

2.25 
2:20 
2.10 
1.90 
1.80 
1.86 
1.80 
1.80 
1.80 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.90 
1.90 
1.90 
1.90 
1.70 

2.40 
2.40 
2.40 
2.40 
2.40 
2.10 
2.40 
2.00 
2.10 
2.00 

3.00 
3.60 
3.70 
3.65 
8.70 
3.70 
3.70 
3.66 
3.50 
3.50 
3.60 

3.30 
3.30 
3.30 
3.80 
4.00 
3.90 
3.90 
3.00 
3.10 



0.00  ' 

.00 

.00 

.00 

.00 
2.50 
2.60 

22 

23 

24 

25 

2.40 

26 

27 

2.60 

28 

2.30 

29 

2.60 
2.60 
2.60 

2.50 
2.50 

30 

31 ■.. 

2.20 

Rating  table  for  A.  0.  Collins* 8  canal  near  Bishop,  Col.,  from  January  1  to  June  SO,  1904- 


Qa^e 
leifrht. 


heig 


Discharge. 


Feel. 

Second'/tct. 

1.50 

1 

1.60 

2 

1.70 

3 

1.80 

4 

1.90 

6 

2.00 

8 

2.10 

10 

Gage 
height 


2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 


Discharge. 

Second-feet. 
12 
14 
16 
18 
20 
22 
24 


Gage 
height. 

Feet. 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 


Discharge. 


tkeondrfeet. 
26 
28 
30 
32 
34 
36 


Ga^e 
heig 


age 
ight. 


fed, 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 


Discharge. 


Second-feet, 
38 
40 
42 
44 
46 
48 


Rating  table  for  A.  O.  CoUiivi*s  canal  near  Bishop,  CaL,  from  July  1  to  December  SI,  1904- 


Gage 
height. 


Fed. 

2.40 

2.50 

2.60 

2.70 

2.80 


Discharge. 


Second-feet. 
1 
2 
3 
4 
6 


Gage 
height. 


Feet. 

2.90 

3.00 

3.10 

3.20 


Discharge. 

Second-fed. 

8 

10 

12 

14 


;     Gage 
i    height. 


Feet. 

3.30 

3.40 

3.50 

3.60 


Discharge. 


SecoTui-feet. 
16 
18 
20 
22 


Gage 
height. 


Discharge. 


Fed. 
3.70 
3.80 
3.90 
4.00 


.^cond'fed. 
24 
27 
30 
33 


clapp.] 
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EgtimaUd  monthly  discharge  of  A.  O,  CoUiru^s  canal  near  Bishop,  CaL,  for  1904- 


Month. 


Febmaiy  . 

March 

April 

May 

June 

July 

August 

September 
October . . . 
November 
December. 


Discharge  in  aeoond-feet. 


Maximum.     Minimum.. ,    Mean. 


The  period 


22 
10 
16 
32 
50 
33 
21 
33 
14 
2 
2 


0 

S 

2 

2 

12 

20 

16 

10 

0 

2 

0 


12.9 

5.6 

9 

12.8 
43.1 
26 
18 
16 

5 

2 
a2 


Total  in 
acre-feet. 


486 

344 

536 

787 

2,565 

1,599 

1,107 

952 

307 

119 

123 


8,925 


a  Ansnmed  2  as  mean  for  December. 


DELL  CANAL  NEAR  BISHOP,  GAL. 


This  station  was  established  August  24,  1903,  by  R.  S.  Hawley.  It 
is  located  at  a  flume  3  mile  \  from  the  head-gate  at  a  point  where  the 
canal  crosses  a  slough  in  Saux^ers^s  tield.  The  gage  is  a  vertical  rod 
fastened  to  the  flume.  Discharge  measurements  are  made  from  a 
bridge  acroas  the  flume.  The  observer  is  F.  Sanders.  The  initial 
points  for  soundings  is  the  edge  of  the  flume  at  the  right  side.  The 
channel  is  straight  for  160  feet  above  and  for  200  feet  below  the 
station.    The  current  is  sluggish  at  all  times. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  measurements  of  Dell  canal  near  Bishop,  Cat.,  in  1903  and  1904. 


Date. 


Hydrographer. 


Gage 
height. 


1903. 

August  11 

August  20 

August  24 

August  24 

September  4  . 
September  22 
October  7.... 


R.  S.  Hawley 
do 

do  ....•: 

do 

do 

do 

do 


Feet. 


0.85 

.78 

1.47 

1.52 


Disc  barge. 


Scamd-feet. 
24.2 
11.0 
10.0 
8.0 
7.0 
19.6 
19.0 
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Discharge  measurements  of  Dell  canal  near  Bishop,  Cal.,  in  190S  and  1904 — Continued. 


Date. 


1904. 
March  16.... 

April  16 

May  28 

June  20 

July  14 

August  11 

September  8 . 
November  17. 
December  12. 


Hyrographer. 


R.  S.  Hawley 

do 

do 

do 

J.  C.  Clausen  and  L.  M.  Barnes 

L.  M.  Barnes 

R.  S.  Hawley 

R.  J.  Taylor 

do 


Gage 
height. 

Dii<ch«nre 

Feet. 

Seecnd-feet. 

1.40 

22.0 

1.31 

17.9 

1.60 

19.0 

1.80 

23.0 

1.80 

16.9 

1.90 

22.0 

1.39 

14.5 

1.05 

12.0 

1.10 

11.0 

Mean  daily  gage  height,  in  feet,  of  Dell  canal  near  Bishop,  Qd.,  for  190S  and  1904. 


Day. 

Jan. 

Feb.     Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1903. 
1 

1 

• 

1 
1 

0.79 
.80 
.80 
.79 
.79 

0.80 
.80 
.81 

.80 
.80 
.81 
.81 
.80 
.80 

.82 
.82 
.83 
.83 
.83 
.84 

.84 
.85 
.86 
.86 
.86 
,87 
.88 
.88 
.89 
.81 
.89 
.89 
.89 

0  90 

2 

1 

90 

3 

1 

90 

4 

<«1 

6 

91 

6 

92 

7 

.78 
.78 
.79 
.80 
.80 
.80 
.80 
.79 
.79 
.80 
.80 
.78 
.78 

92 

8 

1 

9 

....... 

j 

95 

10 

•   •«•■•■!•••«■■•      ..-..«, 

IM 

U 

r: ; 

95 

12 

t 

96 

13 

1 

1            1 

1 

1  01 

14 

1 

1 

I   0"* 

15 

_ 

1 

....................  ...._ -1 .............. . 

16 : 

_ 



1   OA 



17.                                                                                          1 

l.OK 
I   11 

18 

1 

! 

19 



1 
1 

1    1" 

20 

. .  — . . 

1    14 

21 

1 

.79 
.80 
.81 
.81 
.80 
.81 

1  la 

22 

1 

1 

1.12 

1.11 

1.12 
1    15 

23 

, 

0.85 
.86 
.86 
.86 

24 , ,  .. 

1 

1 

25 ' 

26 

1    16 

27 ' 

1   12 

28 1 

.85 
.85 

.78 
.78 
.79 

(o'l 

1 
29 

30 1 

31 1 ' 

1 

,  -  -  . 

rt  No  record  obtained  from  November  27,  to  December  31, 1903,  when  the  water  was  turned  out. 
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yfean  daily  gcuge  height ^  in  feei^  of  Dell  canal  near  Bishop^  Oi/.,  etc. — Continued. 


Day. 

;      ^ 

8888888888888888888888888888888     P 

Feb. 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Mar. 
1.40 

Apr. 

0.00 
.00 
.00 
.00 

May. 
1.30 

June. 
,    1.60 

July. 
1.80 

AU|f. 

Sept. 
1.90 

Oct. 

Nov. 

1S04. 
1 

1.80 
1.80 

1.80 

1.80 

1.80 

1.90 

(^) 

2 

3 

1.30 
1.40 
1.90 
1.40 
1.50 

1.60 
1.60 

1.60 

1.60 

1.60 

1.60 

1.70 

1.80 
1.80 
1.80 
1.70 
1.70 
1.80 

1.90 

4 

5         

1.90 

1 

6 

******* 

i.ao 

1.90 

1 

H 

1.30 

9 

1.90 

10 

1.40 
1.40 

*   .   .   a   .   .    . 

11 

12 

1.90 

1.90 

"•"••"* 

1.30 

1.60 



n 

1.90 

1.90 

1.40 

1.30 

1.60 

Iri 

1.80 

1.70 

1.90 

1.90 

1.80 

1.60 

1 

IS 

1.80 

1.70 

1.90 

1.90    ' 

1.40 

1.60 

20 

1.80 
1.80 
1.80 
1.80 
1.80 

1.80 

1.90 
1.90 

1.90 

1.60 

1.70 

1.70 

1.70 
1.60 

22 

1.40 
a. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

1.40 



1.40 

1.30 

1.30 

1.90 

1.80 

1.60 

1 

24 

1.90 

1 

1.80 

1.90 

35 

1.90 

27 

1.80 

1.90 
1.90 

M 

• 

1.90   

29 

, 

30 

1.90 

1.60 

1.80 

1.80 

1.90 

1.90 

31 

1 

oDr}':  January  1  to  February  29;  March  23  to  April  5. 
^No  record;  October  1  to  December  31. 


EgLimaUd  monthly  discharge  of  Dell  canal  near  Bishop^  CcU.f  f(tr  1904* 


Month. 

Diacharigc  in  second-feet. 

Maximum. 

Minimum. 

Mean. 

March 

21 
21 
21 
24 
18 
22 
22 

0 
0 
9 
18 
15 
18 
22 

15 

April 

16 

Mav 

15.7 

June 

21.2 

Jiilv 

16.1 

Auinist 

21 

September 

22 

The  period - 

1 

Total  in 
acre-feet. 


922 

952 

970 

1,304 

984 

1,291 

1,309 

7,732 


NoTE.~DLNcharge  interpolated  for  mlflBin^  days.    The  discharge  has  been  obtained  indirectly  from 
mesaurements. 
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BIG   FINE   AND  OWENS  RIVER  CANAL   NEAR  BISHOP,  CAL. 

This  station  was  established  by  J.  C.  Clausen  and  B.  S.  Hawley 
August  4,  1903.  It  is  located  at  a  footbridge  near  the  house  of  Wil- 
liam Oliver,  the  observer.  It  is  7i  miles  south  and  3  miles  east  of 
Bishop,  Cal.  The  gage  is  a  vertical  rod  securely  nailed  to  the  foot- 
bridge. Discharge  measurements  are  made  from  the  footbridge.  The 
initial  point  for  soundings  is  marked  on  the  footbridge  near  the  right 
bank  of  the  canal.  The  channel  is  straight  for  600  feet  above  and  for 
300  feet  below  the  station.  The  current  is  sluggish.  Both  banks  are 
high  and  are  not  liable  to  overflow.  The  bed  of  the  stream  is  sandy 
and  somewhat  shifting. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographei-s. 

Discliarge  meamrements  of  Big  Phie  and  Owens  River  canal  near  Bishop^  Gal.,  in  1903 

and  1904. 


Date. 


1903. 

August  4 

August  11 

August  20 

September  14 
September  22 
October  27... 


1904. 

March  16 

May  28 

June  20 

July  14 

August  11 

Sepfeinl)er  8  . 


Hydrographer. 


R.  S.  Hawley 

do 

do 

do 

do , 

do 


R.  S.  i:     ley 

do , 

do 

J.  C.  Clausen  and  L.  1,^..  Barnes 

L.  M.  Barnes 

R.  S.  Hawley 


Gage 
height. 


Feet. 
1.60 
1.55 
1.50 
.90 
1.15 
2.29 

2.42 
2.90 
3.31 
2.40 
2.60 
1.51 


Dlacharpe. 


Second-feet. 
19.0 
16.3 
17.3 
1.3 
4.3 
46.4 

59 
58 
91 
32 

10.6 


Meun  daily  gage  Jveighty  infeet^  of  Big  Pine  and  Owens  River  caned  near  Bishop^  Cal.,  for 

1903  and  1904. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jiine. 

July. 

Aug. 

Sept. 

1.. 

1903. 

0.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 

2 

8 

4 

.«) 

1.55 
1.60 
1.63 
1.62 
1,80 

6 

7 

•""••"• 

8 

9 

•  t  ?  T  ?  -  • 

^llT-'t 

Oct 


1.20 
1.25 
1.85 
1.35 
1.50 
1.80 
1.90 
1.95 
1.95 


Nov. 


Dec, 


2.53 
2.58 
2.53 
2.53 
2.53 
2.53 
2.53 
2.57 
2,57 


2. 35 
2.40 
2.40 
2.40 
2.9Q 
2.30 
2.30 
2. 3D 
2.35 
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Mean  daily  gage  heighly  infeety  of  Big  Pine  and  Owens  River  canal^  eU. — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

0.97 
.96 
1.00 
1.00 
1.06 
1.05 
1.05 
1.05 
1.10 
1.16 
1.15 
1.12 
1.10 
1.10 
1.10 
1.10 
1.10 
1.12 
1.16 
1.18 
1.22 

2.12 

2.12 

2.06 

1.8 

1.8 

1.6 

1.55 

1.5 

1.6 

1.5 

1.5 

1.45 

1.45 

1.5 

1.4 

1.45 

1.45 

1.65 

1.6 

1.6 

1.7 

1.7 

1.75 

1.85 

2.75 

8.25 

2.8 

2.7 

2.56 

2.76 



Oct. 

Nov. 

2.67 
2.62 
2.57 
2.57 
2.60 
2.60 
2.56 
2.55 
2.60 
2.50 
2.50 
2.53 
2.63 
2.63 
2.43 
2.41 
2.35 
2.35 
2.36 
2.L8 
-.     ) 

1.45 

1.4 

1.4 

1.4 

1.4 

1.4 

1.85 

1.36 

1.36 

1.36 

1.35 

1.35 

1.36 

1.35 

1.35 

1.35 

1.85 

1  36 

1.35 

1.35 

1.4 

1.4 

1.35 

1.35 

1.35 

1.35 

1.35 

1.4 

1.4 

1.4 

Dec 

1908. 
10 

1.70 
1.68 
1.66 
1.40 
1.40 
1.40 
1.60 
1.60 
1.60 
1.60 
1.60 
1.40 
1.40 
1.40 
1.40 
1.35 
1.85 
1.76 
1.76 
1.75 
1.90 
.90 

2.6 

2.6 

2.6 

■2.65 

2.63 

2.55 

2.56 

2.55 

2.6 

2.65 

2.6 

2.42 

2.42 

2.33 

2.8 

2.3 

2.3 

2.3 

2.2 

2.2 

2.2 

2.1 

2.16 

2.16 

2.16 

2.1 

2.16 

2.15 

2.06 

2.0 

2.0 

2.08 
2.22 
2.25 
2.25 
2.27 
2.40 
2.42 
2.46 
2.42 
2.48 
2.45 
2.47 
2.46 
2.30 
2.30 
2.33 
2.32 
2.28 
2.27 
2.25 
2.46 
2.45 

2.7 

2.66 

2.6 

2.65 

2.65 

1.65 

1.7 

1.6 

1.6 

1.55 

1.55 

2.0 

1.65 

1.56 

1.55 

1.5 

1.5 

1.5 

1.46 

1.45 

1.45 

1.45 

1.45 

1.5 

1.6 

1.5 

1.5 

1.5 

1.5 

1.5 

1.45 

2.36 

11 

i 

2.85 

12 

1 

2.35 

13 

1.50 

14 

1.60 

15 

1.60 

16 

1.60 

17 

1.50 

18 

1.52 

19 

1.68 

20 

1.47 

1.48 

22 

1.53 

23 

i 

1.53 

24 

" 

1.47 

1.47 

26 

1.50 

■ 

■ 

1.50 

28 

1 

1.50 

1.60 

90 

1.50 

81 

1    v> 

1904. 
1 

aO.OO 
.00 
1.45 
1.45 
1.45 
1.43 
1.43 
1.43 
1.45 
1.45 
1.43 
1.43 
2.0 
1.82 
1.83 
1.86 
1.87 
1.86 
1.87 
1.8 
1.95 
2.0 
2.0 
2.0 
2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

].»5 

1.95 

1.96 

1.87 

2.1 

2.0 

2.(fi 

1.92 

1.83 

1.72 

1.73 

1.86 

1.96 

2.08 

2.08 

2.5 

2.6 

2.08 

1.8 

1.72 

2.33 

2.3 

2.5 

2,7 

2.65 

2.6 

2.66 

2.67 

2.6 

2.5 

2.5 

2.56 

2.56 

2.45 

2.35 

2.36 

2.35 

2.4 

2.4 

2.75 

2.7 

2.8 

2.8 

2.36 

2.5 

2.4 

2.4 

2.4 

2.4 

2.5 

2.3 

2.2 

2.2 

1.8 

1.6 

1.7 

2.0 

2.1 

1.9 

1.6 

1.6 
1.46 
1.4 
1.45 
1.0 
1.0 
1.0 
a. 00 
.00 
.00 
.00 
.00 
.00 
.00 
1.66 
1.66 
1.6 
1.6 
1.8 
1.8 
1.9 
1.86 
2.05 
1.95 
1.9 
1.9 
1.8 
1.8 
1.8 
1.7 

1.7 

1.6 

l.b 

1.6 

1.55 

1.5 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.45 

1.45 

1.55 

1.96 

2.25 

1.7 

2.2 

2.35 

2.2 

2.2 

2.23 

2.5 

2.85 

3.0 

3.0 

2.9 

2.8 

2.75 

2.75 

2.6 
2.6 
2.6 
2.9 
3.1 
3.1 
8.1 
3.2 
3.1 
3.0 
3.0 
3.0 
8.1 
3.3 
3.3 
3.4 
3.5 
3.5 
3.4 
3.4 
3.3 
3.3 
3,2 
3.2 
8.1 
8.1 
3.0 
2.9 

• 

2.8 
2.8 

2.7 
2.7 
2.7 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.5 
2.4 
2.4 
2.3 
2.2 
1.6 
1.4 
2.2 
2.2 
2.1 
2.2 
2.3 
2.4 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.4 

1.4 

2 

1.4 

3 

1.3 

4 

1.4 

0 

1.4 

6 

1.4 

7 

1.3 

« 

1.26 

9 

1.2 

10 

1.2 

11 

1.25 

12 

1.2 

13 

1.2 

14 

1.2 

15 

16 

1.2 
1.2 

17 

1.2 

18 

1.2 

19 

1.2 

ao 

1.2 

21 

1.2 

22 

1.2 

23 

24 

1.26 
1.25 

25 

1.25 

3S 

1.25 

27 

1.2 

38 

29 

1.2 
1.2 

SO 

1  2 

31 

1.3 

a  Dry:  January  1,  2;  April  8-14. 
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Rating  table  for  Big  Pine  and  Owens  River  canal  near  Bishop,  C.b/.,  from  January  1  to 

December  SI,  1904. 


Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 
Second-feet. 

1 

'     Gage 
height. 

Discharge. 
Second-fed. 

■ 
he^t. 

Discharge. 

Fed. 

f^t. 

Feet. 

Fed. 

Second-feet. 

1.20 

5 

1.80 

16 

2.40 

30 

!     3.00 

68 

1.30 

6 

1.90 

18 

2.50 

33 

;     3.10 

76 

1.40 

8 

2.00 

20 

2.60 

38 

3.20 

85 

1.50 

10 

2.10 

22 

2.70 

;           43 

3.30 

94 

1.60 

12 

2.20 

24 

2.80 

50 

3.40 

103 

1.70 

14 

2.30 

27 

2.90 

59 

1 

Estimated  monthhi  discharge  of  Big  Pine  and  Owens  River  caiud  near  Bishop,  Cal.,  for 

1904. 


Month. 


January  

February 

March 

April 

May 

June 

July 

August 

September 

October^ 

November 

December 

The  vear 


Discharge  in  second-feet. 


Maximum. 


20 

43 

46 

21 

64 

114 

43 

41 

90 

43 

9 

8 


11/1 


Minimum.       Mean. 


Total  in 
,    acre-feet. 


0 

14 

12 

3 

8 

38 

8 

20 

8 

9 

7 

5 


14 

861 

24.7 

1,421 

28 

1,722 

10 

595 

23.8 

1,466 

75.2 

4,474 

31.2 

1,918 

29 

1,783 

21 

1,250 

16 

9&4 

7 

416 

5.8 

357 

0 


23.8 


17,247 


a  Head  gate  shut  down  October  6.    Water  flowing  after  that  date  in  leakage. 
SANGER   CANAL  AT  ALVORD,  CAL. 

This  station  was  established  August  4,  1903,  by  J.  C.  Clausen  and 
R.  S.  Hawley.  It  is  located  at  the  county  road  bridge,  one-fourth 
mile  east  of  the  Southern  Pacific  Railway  station  at  Alvord,  Cal. 
The  gage  is  a  vertical  rod,  fastened  to  the  bridge  from  which  dis- 
charge measurements  are  made.  It  is  read  once  each  day  by  John 
Hale.  The  initial  point  for  soundings  is  marked  on  the  bridge  near 
the  left  bank  of  the  canal.  The  channel  is  straight  for  300  feet  above 
and  for  100  feet  below  the  station.  The  current  is  sluggish.  Both 
banks  are  low  and  liable  to  overflow.    The  bed  of  the  stream  is  shifting. 
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The  observations  at  this  station  dnring  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  measurements  of  Sanger  canal  at  Alvardf  Ch/.,  in  1903  and  1904^ 


Date. 


1903. 

Aiig:n8t4 

August  13 

September  8., 
September  22. 
October  27.... 


Hydrographer. 


R.  8.  Hawley 
do 


do 
do 
do 


December  4 do 


1904. 
Jannarv  27. 
April  6.... 
Julv  14.... 


R.  8.  Hawley 

do 

J.  C.  Clausen  and  L.  M.  Barnes 


Ai^^tll L.  M.  Barnes 

September  8 :  R.  S.  Hawley 


October  9... 
November  17 
December  9. 


R.  S.  Hawley  and  R.  J.  Taylor. 

R.  J.  Taylor 

do 


heSKt.      l>»»charKe. 


Feel, 

Hecond-Jeet. 

2.00 

3.1 

2.60 

10.0 

2.46 

11.3 

2.26 

10.1 

2.70 

14.5 

2.30 

13.4 

1.90 

6.6 

2.00 

9.7 

3.05 

10.3 

3.20 

15.4 

2.80 

7.3 

2.75 

14.4 

2.52 

15.3 

2.30 

11.0 

Mean  daily  gage  height,  infeel,  of  Sanger  canal  at  Alvord,  Col.,  for  190S  and  1904. 


Bay.          ,  Jan.  '  Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 
2.50 

Nov. 

Dec. 

1 

1 

1 

2.60 
2.60 
2.60 

2.40 

2 

1 
1 

3 

, 

2.50 
2.50 

2-40 

1 

i 

2.55    - 

5 

! 

1 

2.50 
2.50 
2.50 

2.40 

6 

1 

2.50 

2.40 

7 ......_.. 

1 

8 

1 

, 

2.50 

2. 40       2. .% 

9 

i 

1 

1 

1 

2.40 
4.40 
2.40 

10 

1 

2.50 
2.20 

2.30 

11 

1 

12 

1 

2.40  ;     2.30 

13 

■ 

2.50 

2.30 
2.30 
2.30 

2.30 

14 

•••••"•'" 

15 

2.50 

2.30 

16 

■ 

17 

2.50 
2.60 
2.60 
2.60 

2. 30       2. 30 

IS 

1 

19 

2.40  1     2.30 

20 

2.30 

21 

•  ■«'     ■••••■ 

2.50  1 

22 

1            1 
1 1 

2.60 

2.50.     2.30 

IRR  134—05 


■16 
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Mean  dail 

ygage 

Jan. 

height y  infei 

Apr. 

kinger 

canal  at  Ali^rd^  (Vi/.,  etc. — Continuetl. 

June.    July.     Aug.     Sept.     Ocl.     Nov.     Dec. 

1 

1 

Day. 

Feb. 

Mar. 

May. 

1908. 

28 

24  

2.60 
2.60 

2.50 

2.30 

25 

26 

2.50 

2.60 
2.40 
2.40 

2.90 
2.30 
2.30 
2.30 
2.90 
2.30 

27 

1 

1 

2.60 

2.50 

28 ' 





.......  ....... 

l: ':::::::i::::::: :;::::; :::::: 

*«........ • ... 

2.60 
2.50 

2.50 
2.40 

30 ' ' ■ 

«JV..  .........  • --- 

1 

31 

I 

...... 

i      1    .. 

19(M. 

• 

• 

Is. 

2.3 

1.9 

1.9 

1.9 

2.7 

3.0 

8.2 

3.4 

3.1 

2.6 

2.6 

2.5 

2 

2.8 

1.9 

.1-9 

3.0 

3.2 

3.4 

8.0 

2.6 

2.6 

2.5 

3 

2.3 

2.5 

1.9 

1.9 

2.7 

3.0 

3.2 

3.4 

2.9 

2.6 

2.6 

2.5 

4 

1.9 
1.9 

1.9 
1.9 

2.7 

8.0 
3.0 

3.2 
3.2 

3.4 
3.4 

2.8 
2.7 

2.5 
2.4 

2.6 
2.6 

(**) 

5 

1.9 

2.5 

...... 

6 

2.6 
2.6 

1.9 

2.3 

******* 

2.7 

3.0 
3.0 

8.2 
3.2 

3.4 
3.4 

2.7 
2.7 

2.4 
2.4 

2.6 
2.6 

7 

1.9 

8 

2.3 
2.3 
2.3 
2.3 

2.7 
2.7 
2.7 
2.8 
2.8 

3.2 
3.2 
8.2 
8.2 
3.2 

8.2 
3.2 
.3.1 
3.0 
3.0 

3.4 
3.4 
8.4 
3.4 
3.4 

2.7 
2.7 
2.7 
2.7 
2.7 

2.36 

2.35 

2.4 

2.6 

2.6 

2.6 
2.6 
2.6 
2.6 
2.6 

9 

1.9 
1.9 

1.9 

1.9 

10        

11 

1.9 

1.9 
1.9 

12 

1.9 

13 

1.9 

1.9 

2.6 

2.8 

3.2 

2.9 

8.4 

2.7 

2.6 

2.6 

1 

14 

1.9 

1.9 

1.9 

2.9 

3.2 

2.9 

8.4 

2.7 

2.6 

2.6 

16 

....... 

2.6 

2.9 

3.2^ 

2.9 

8.4 

2.7 

2.7 

2.6 

16 

1.9 

1.9 

1.9 

2.6 

2.9 

3.2 

2.9 

8.4 

2.7 

2.7 

2.6 

17 

1.9 

1.9 

2.1 

2.5 

2.9 

3.2 

2.9 

8.4 

2.7 

2.7 

2.6 

18 

2.9 
2.9 

3.2 
8.2 

3.0 
8.0 

8.4 
8.4 

2.7 
2.7 

2.7 
2.7 

2.6 
2.6 

19 

1.9 

1.9 

2.1 

2.5 

20 

1.9 

2.1 

3.0 

8.2 

3.0 

8.4 

2.7 

2.7 

2.6 

21 

1.9 

1.9 

2.6 

3.0 

8.2 

3.2 

8.4 

2.7 

2.7 

2.6 

22 

2.1 

8.0 

8.2 

.3.2 

8.4 

2.7 

2.7 

2.6 

28 

1.9 
1.9 

1.9 

2.1 

2.6 
2.5 

3.0 

3.2 
8.2 

8.2 
8.8 

8.4 
8.4 

2.7 
2.7 

2.7 
2.7 

2.6 
2.6 

24 

26 

1.9 

1.9 

3.0 
3.0 
3.0 
3.0 
3.0 

3.2 
3.2 
3.2 
3.2 
3.2 

3.3 
8.8 
3.8 
8.3 
8.4 

3.4 
8.4 
3.4 
3.4 
3.4 

2.7 
2.7 
2.7 
2.6 
2.6 

2.7 
2.7 
2.7 
2.7 
2.7 

2.6 
2.6 
2.6 
2.6 
2.6 

26 

2.1 

2.7 

27 

1.9 

1.9 
1.9 
1.9 

28 

1.9 

2.7 

29 

1.9 

30 

1.9 

1.9 

2.7 

3.0 

8.2 

3.4 

3.4 

2.6 

2.6 

2.6 

81 

1.9 



3.0 

3.4 

3.4 

2.6 

1 

a  No  record  for  remainder  of  year. 


EAST  SIDE   CANAL   NEAR  CITRUS,   CAL. 

This  station  was  established  August  27,  1903,  by  R.  S.  Hawley.  It 
is  located  at  the  head-gate  of  the  canal.  The  gage  is  a  vertical  rod 
fastened  to  the  head-gate  at  which  discharge  measurements  are  made. 
The  gage  is  read  once  each  day  by  J.  Vaughn.  At  low  stages  the 
meter  measurements  arc  made  by  wading  at  a  point  below  head-gate. 
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High-stage  meaisurements  are  made  from  Southern  Paeitic  Railroad 
bridge,  one- half  mile  below  head-gate. 

The  observations  at  this  station  during  1904  have  l>een  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Ditcharge  measurements  of  EaM  Side  canal  neiir  CUruHy  Cal,,  hi  190S  ami  1904. 


Date. 


Hydru(j:rapher. 


1903. 

AiigUirt  13 R.  S.  Hawley 

Au^nist  27 do 

September  16 do 

(U-tober30 do •. 

December  4 do 


1904. 

February  24 

Apriie 

Mav3 ; do 

m' 

Jane  9 ! do 


Second-feet. 
32 
44 
36 
80 
96 


R.  S.  Hawley 
....do 


t  I 


Julv22 

September  12  . . 

C)ctober9 

November  4 

December  2 


L.  M.  Barnes 

R.  S.  Hawley 

R.  S.  Hawley  and  R.  J.  Taylor. 

R.  J.  Tavlor 

do 


Feet. 
1.95 
2.00 
1.98 
2.95 
3.23 

1.55 
1.70 
1.60 
2.50 
2.50 
2.60 
2.60 
2.30 
2.  25 


35 
28 
24 
50 
40 
42 
45 
'SO 
27 


Mean  daily  gage  heighiy  infeetf  of  East  Side  canal  near  Citrus,  Vol.,  for  1903  and  1904. 


Day. 

Jan.      Feb. 

1 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dee. 

1»3. 
1 

1 
.- 1 -  - 

2 

(                        1 

2.00 

2.00 

3.00 

3.20 

3 ' 

1 

4 ' 

2.00 

2.20 

3.00 

3.20 

•>                                .....        .          ...          ................... 

6 1 ■ ! ' ■ : 

3.00 

(«) 

(«) 

(«) 
2.36 

«                                                                                                                                                                                               1                                       '                                      1 

2.00 

... . 

2.30 

s ' 

' 

9 

2.00 

2.30 

3.00 

10 ' 

. 

11 i 

. 

2.00 

....... 

2.40 

3.00 

2.40 

12 ' ! 

13 

3.00 

14 ' 

1.90 

2.50 

2.40 

15 

1 

i 

16 

1 

1 

2.00 

2.60 

3.00 

2.40 

17 

1                        1 

1 

1              1 

1*5 1 

2.00 



3.00 

2.00 

<i  Uead-gate  sbui  down. 
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Mean  daily  gage  lieighi,  infeety  of  East  Side  canal  near  Citrus,  Cal.,  etc. — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec 

1903. 
19 

2.70 

20 

8.00 


21 

2.00 

2.70 

2.00 

22 

■ 

23 

2.00 

3.10 

2,40 

24 

26 

2.00 

3.10 

3.06 

2.40 

26 - 

27 

2.00 
2.00 

3.15 

28 

■•■•••• 

2.10 

3.00 

1.80 

29 

30 

2.10 

2.00 

8.15 

31 

2.00 
2.6 

1904. 
1 

1.7 

1.9 

2.6 

2 

1.9 
1.6 

2.6 

2.4 

3 

1.8 

1.8 

2.4 

2.5 

4 

1.4 

2.5 

2.6 

5 

1 

2.6 

2.5 

2.1 

6 

1.4 

1 

2.4 

(«> 

7 

% 

1.8 

2.4 

2.5 

8 

1.6 

2.8 

2.6 

ft. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

2.0 

2.4 

9 

1.6 

2.6 

....... 

....... 

10 

2.5 

2.8 

2.6 

11 

1.1 

1.6 

1.7 

1.85 

2.6 

12 

2,6 

13 

1.8 

2.6 

1 

14 

1.4 

1.5 

1.7 

2.8 

2.5 

15 

1.8 

........ 

2.6 

16 

1.9 

2.6 

17 

2.6 

2.8 

2.3 

18 

1.4 

1.8 

1.8 

1.9 

2.6 

19 

2.6 

20 

1.4 

1.8 

V 

2.6 

.......1   -  - 

21 

2.4 

2.4 

22 

1.6 

2.5 

23 

' 

2.0 

2.6 

1 

24 

2.5 

2.9 

2.4 

25 

1.6 

'Te 

2.1 

1.9 

2.6 

26 

2.7 

27 

2.4 

2.6 

28 

1.8 



2.4 

2.4 

29 

1.6 

1.5 

2.8 

30 

2.2 

2.6 

31 



2.5 



a  Water  shut  off  for  remainder  of  the  year, 
ft  Dry  August  ^27. 
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Raiing  taNefor  Ea9t  Side  cancU  near  Oitrus,  Oi/.,  from  July  1  to  December  Sl^  1904. 


Gtge 
leient 


heignt 


1.50 
1.60 
1.70 
1.80 


Dificharge. 


Gf 
height 


rage 
JiSit 


Seeond-feet. 

3 

7 

11 

14 


1.90 
2.00 
2.10 
2.20 


Discharge. 

Second-feet, 
18 
21 
25 
28 


Qage 
height. 


Feet. 
2.30 
2.40 
2.50 
2.60 


DiNcharR*^. 

1 

Wage 
height. 

Secrmd-fefi. 

f\ret. 

32 

2.70 

36 

2.80 

40 

2.90 

44 

,    3.00 

Uificharge. 

Second-feft. 
48 
52 
55 
59 


Edimated  monthly  discharge  of  EaU  Side  canal  near  CUrus,  Cal.,  for  1904. 


Month. 


January  

February 

March 

April 

Mav 

June 

July 

August  1-8.  27-31 

September 

CK'tober 

November 


Discharge  in  second-feet. 


Maximum. 


The  pericKl 


24 
30 
39 
33 
48 
54 
55 
44 
48 
52 
44 


Minimum. 

10 
21 
27 
30 
24 
48 
28 
21 
40 
32 
36 


Mean. 

18.7 

24.4 

30.3 

31.8 

34 

51.8 

47 

40 

44 

39 

40 


Total  in 
acre-feet. 


1,150 
1,406 
1,863 
1,892 
2,091 
3,082 
2,890 
1,031 
2,618 
2,398 
2,380 


20,909 


Note.— Diacharge  interpolated  for  mtssing  days.    From  January  1  to  June  SO  no  rating  table  was 
made,  but  discharge  was  based  on  measurements  indirectly. 

STEVENS  CANAL   NEAR  CITRUS,  CAL. 

This  station  was  established  August  27,  1908,  by  R.  S.  Hawley.  It 
is  located  at  the  waste  gate  of  the  canal,  3i  miles  north  of  Citrus,  Cal. 
The  gage  is  a  vertical  rod  fastened  to  the  waste  gate.  It  is  read  once 
each  day  by  J.  Vaughn.  Discharge  measurements  are  made  by  wad- 
ing. The  initial  point  for  soundings  is  on  the  right  bank  of  the  canal. 
The  channel  is  straight  for  300  feet  above  and  for  200  feet  below  the 
station.  The  current  is  sluggish.  Both  banks  are  high  and  are  not 
hable  to  overflow.  The  bed  of  the  stream  is  composed  of  gravel  and 
earth  and  is  fairly  permanent. 

The  observations  at  this  station  during  1904  have  })een  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 
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Diacharge  measurements  of  Stevens  canal  near  OitruSj  Col.,  in  1903  and  1904- 

Hydrogmpher.  he§U.      I>i-*«b*^«- 


Date. 


R.S.Hawley. 

do , 

do 


1903. 

August  13 

August  27 

September  16. 

1904. 
February  24  ..J  R.  S.  Hawley 

Apriie ' do 

May  3 |. . . _ .do 

June  9 do 

June  24 do 

July  22 ,  L.  M.  Barnes 

September  12  ..    R.  S.  Hawley 


Fed. 


Seeand'/ed. 
17.7 


2.30 
2.40 

2.40 


2.20 
3.30 
3.87 
3.20 
1.70 


23.0 
21.3 

24.0 
10.7 
32.0 
38.0 
54.0 
22. 0 
3.5 


Mean  daily  gage  height,  in  feet,  of  Stevens  canal  near  Citms,  Cat.,  for  J  90S  and  1904. 


1 
Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1 

Aug. 

Sept. 

Oct. 

1 
Nov. 

Deo. 

1 

1908. 

1 

1 
1 

' 

2    

. 1 

1 

2.30 

2.50 

3         .... 

1 

i 

4 

2.30 

i 

ft.      

2.50 

' 

6 

1 

7 

2.35 

2.50 

H 

........ 

1 

1 

9.  ...     

1      1 

2.35 

1 

10 

, 

1 

11 1 

1 

2.30 

12 

^ 

( 

13 

1 

1 

14 

1 

2.60 

1 

15 

1 

1 

If, 

1 

2. 40 

1 

17 

....   J 

1 

18 ' ' 

2.00 

1 

19 1 ' 

1 

20 ' 1 

'""t 

21 ' !--- 

2.40 

1 

1 

22 

1 
1 

23 

' 

2.00 

1 
24 

\ 

^"^ * 1 

2ft ! 

' 

- 

2.00 

26 1 

27 



2. 30 
I   2.30 

28 

2.30 

1 
1 

29 

1 
30 

'   2.aT 

*            ' 

31 i 

2.30 

1 

On  Oftober  7  the  water  was  lumed  out. 
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Mean  daily  gage  height^  infeet^  of  Stereiis  canal  near  Citrus,  Cal.,  etc. — Continued. 

Nov. 


1. 
2_ 

3. 
I. 

5. 

6. 

7. 

8- 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16- 
17. 
18. 
19. 
20. 
21. 
22 
23. 
24. 

2ri. 

2fi. 


27. 


2<. 

30. 
SI. 


Day. 


1904. 


Jan. 


(") 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(") 
(°) 

(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 
(«) 

1.7 


Feb.    I   Mar.       Apr. 


1.9 


2.4 


2.2 


1.8   . 

* 


May.   I   Aug 


2.2 


2.2 


2.0 


2.0 


1.7 


. .  tf  • . 
2.2 


2.1 


1.7 


2.2 


2.6  1. 


2.6 


2.3 


aept.        Oct, 


Dec. 


2.6 
2,5 
2.6 


1.6 
1.6 


2.6 
2.5 
2.7 


1.6 
1.6 
1.6 


1.5 
1.5 
1.5 


2.6 
2.6 


2.3 
2.4 
2.3 


1.6 
1.6 
1.6 


1.5 
1.5 
1.5 


1.6 

r.6 


1.6     !. 


1.5 
1.5 
1.5 


1.6 


<i  Dry;  January  1-29. 
Obfienrer  difioontlnued  taking  gage  height  in  May  on  account  of  high  water.    Could  not  crofw  river. 

Rating  taltUfor  Sterens  canal  near  CitrtUj  CaLj  from  January  1  to  June  SO,  J 904. 


t 

Gage 
height. 

;  Discharge. 
Second-feet. 

Gage 
height. 

Dif«rhargc. 
Second-feet. 

Gage 
height. 

Difloharge. 
Seromi-feet.  1 

Gage 
height. 

DiMcliarge. 

FM. 

Feci. 

Fi'et. 

Feet. 

Second-feet. 

1.40 

14 

1 

1,70 

17 

2.00 

20 

2.:i0 

23 

1.50 

15 

1.80 

18 

!     2.10 

21     , 

2.40 

24 

1.60 

16 

1.90 

• 

19 

2.20 

22 

1 
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Rating  table  for  Stei'ens  cannl  near  Citrus,  Cal.,  from  July  I  to  December  31,  1904^ 


DiHoharge. 


Gage 
height. 


Feet, 
1.80 
1.90 
2.00 


Discharge.  1     ^^^, 


Second-feet. 
4.0 
4.6 
5.0 


Fpet. 
2.10 
2.20 
2.30 


Discharge.  .    hei^t.   I  l>»-'«*»"¥e. 


Second-/^.  |  Feet. 

6  ;1  2.40 

7  I,  2.50 
8 


Seeond-fert. 
9 
10 


I 


Estimated  monthly  discfiarge  of  Stevens  canal  near  Citrus^  Cal.y  for  1904- 


Month. 


February 

March 

April 

May 

September  21-:^. 

October , 

November 

December 


The  iktumI 


Discharge  in  second-feet. 


Maximum. 


26 
24 
22 
23 

12 

12 

3 

3 


Minimum. 

17 

20 

22 

22 

10 

3 

2 

3 


Mean. 


20.1 

21.3 

22 

22 

11 

8 

3 

3 


Total  in 
acre-feet. 


1,156 

1,310 

1,309 

1,353 

218 

492 

178 

184 

6,200 


Note. — Diflcliarge  iiiterimlatod  for  mi.ssing  days. 

OWENS   RIVER   NEAR  CITRUS,  CAL. 

This  station  was  established  October  30, 1903,  by  R.  S.  Hawley.  It 
is  located  at  the  county  bridge  4  miles  east  of  Independence,  Cal.,  and 
1  mile  from  the  Southern  Pacific  Railway  station  at  Citrus,  Cal. 
The  station  at  this  point  shows  the  amount  of  waste  water  which  is 
discharged  into  Owens  Lake.  The  gage  is  a  1  by  4  inch  vertical  rod 
nailed  to  a  pile  on  the  upstream  side  of  the  middle  pier  of  the  bridge. 
It  is  read  twice  each  day  by  Milton  Ijevy.  Discharge  measurements 
are  made  from  the  county  bridge  at  which  the  gage  is  located.  The 
initial  point  for  soundings  is  the  end  of  the  rail  at  the  right  end  of  the 
l)ridge.  The  channel  is  straight  for  200  feet  above  and  for  300  feet 
below  the  station.  The  current  has  a  mean  velocity  of  about  2  feet  at 
ordinar}'  stages.  Both  banks  are  high  and  are  not  liable  to  overflow. 
The  bed  of  the  stream  is  sand}^  and  is  liable  to  shift.  The  bench  mark 
is  a  copper  tiick  in  the  floor  beam  directly  over  the  gage  rod.  It^  ele- 
vation is  1.50  feet  above  the  12-foot  mark  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 
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Discharge  measuremerda  of  Owens  Rit>er  near  OUrus^  Oi/.,  in  190S  and  1904. 


Date. 


1903. 
June  27... 


Hydroe:rapher. 


J.  C.  Clausen. 


August  28 i  R.  S.  Haw  ley 

October  30 do 

December  4 do 


1904. 

January  27 1  R.  S.  Hawley 

April  6 do 

May  3 do 

June  9 ' do 

June  24 ' do 


July  22 

September  12  .. 


L.  M.  Barnes 

R.  a  Hawley 

October  9 '  R.  S.  Hawley  and  R.  J.  Taylor. 

November  4 R.  J.  Taylor 

December  2 do 


Cia^e 
height. 


Dischaige. 


Seeond-/eet. 
534 
8.6 
a  106 
215 

303 
298 

25 
569 
733 
176 

59 
456 
410 
361 


a  Corrected  gage  height  and  discharge. 
Mean  daily  gage  height^  in  feet,  of  Owens  River  near  Otrus^  Cal.^  for  190S  and  1904* 


Day.          '  Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1908. 
1 

4.48 
4.46 
4.65 
4.7 

2 



3 

' 

1 

4 '  

------- 

6 

1 

r 

4.76  ' 

( 
6 i 

4.7 

1 
1.. ....1....... 

1 

4.6 

}J 

■ 

_  _ 

' 

4.66 

4.7 

4.77 

4.8 

4.83 

4.85 

4.85 

4.87 

4.85 

4.85 

4.85 

4.85 

9...., 

1 





)■"■ " 

1 

1 

10 , 

i 

...| 

11 

t 

1 

1 

12 

....................  — 

13 

1 
1 

U 

Ih 

'*"""i  ----- 

16 

17 

1 

15* 1 

19 ' 

\ 

20 1 

1 



4.88 

21 

1 
1 

4.95 

22 

! , 

4.97 

23 ' 

* 

4.9 
4.95 

24 

1 

••••••■ 

Dec. 


4.95 

5.0 

4.96 

5.0 

5.0 

5.0 

5.0 

5.03 

5.08 

5.01 

5,0 

5.01 

5.01 

5.2 

5.2 

5.0 

5.2 

5.2 

5.2 

5.2 

5.25 

5.3 

5.3 

5.2 
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Mean  duily  gage  height,  in  feel,  of  Owens  River  near  Citrus,  Oal.,  etc. — Continued. 


Day. 

Jan. 

Keb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Ctet. 

Nov. 

Dec. 

1903. 
25 

6.0 
5.0 
6.0 
6.0 
5.0 
5.0 

5.8 

5.7 

5.9 

5.9 

6.9 

5.85 

5.85 

5.9 

5.9 

6.85 

5.85 

5.85 

5.8 

5.8 

5.8 

6.85 

6.8 

5.75 

6.8 

5.75 

5.8 

5.8 

5.8 

5.8 

6.85 

5.85 

5.8 

5.85 

5.8 

5.8 

5.15 

26  

5.15 

27 

1 

1 

5.2 

28 

1 

• 

1 

6.2 

29 

! 

1 

1 

5.35 

30 

i        : 

1 

4.4 
4.47 

6.76 

6.8 

6.7 

6.0 

6.0 

6.0 

6.0 

6.5 

6.4 

6.9 
6.1 
6.2 
6.5 
6.6 
6.3 
6.4 
6.3 
6.1 
6.0 



6.0 

6.0 

6.0 

6.1 

6.9 

5.8 

5.9 

6.9 

5.9 

5.35 

31 

1 

1 

5.35 

1904. 
1 

5.35 
5.4 

5.36 

5.3  • 

5.25 

5.25 

5.05 

6.a5 

5.0 

5.0 

5.0 

5.0 

5.0 

4.9 

4.85 

4.9 

4.85 

4.9 

5.45 

5.4 

5.7 

5.7 

5.6 

5.45 

5.5 

5.55 

5.5 

5.75 

5.6 

5.7 

5.5 

6.45 

5.85 

5.15 

5.3 

5.35 

5.25 

5  15 

5.05 

5.05 

4.9 

4.95 

6.0 

5.3 

5.1 

5.0 

5.0 

5.2 

5.25 

5.2 

5. 15 

5.2 

5.2 

5.15 

5.4 

6.0 

5.95 

5.6 

5.  S 

5.95 

6.4 

6.G 

6.15 

5.7 

5.55 

5.35 

5.25 

5.3 

4.9 

4.8 

4.75 

5.5 

5.55 

5.4 

5.35 

5.3 

5.2 

5.15 

4.15 

3.9 

3.95 

3.9 

3.7 

3.75 

3.6 

3.55 

3.5 

3.45 

3.4 

3.4 

3.45 

3.4 

3.65 

3.6 

3.65 

3.6 

3.6 

3.55 

8.56 

3.6 

3.5 

3.45 

8.5 

3.4 

3.46 

3.45 

3.45 

3.4 

3.4 

3.4 

3.8 

4.1 

4.1 

4.1 

4.5 

4.05 

4.1 

4.8 

4.9 

5.5 

5.8 

6.46 

6.35 

6.26 
6.2 
6.1 
5.0 
6.8 
'  5.8 
6.2 
6.4 
6.5 
6.6 
6.5 
6.4 
6.4 
6.4 
6.5 
6.8 
6.8 
6.8 
7.0 
7.3 
7.3 
7.3 
7.3 
7.3 
7.2 
7.2 
7.0 
6.8 
6.8 
6.7 

6.6 

6.5 

6.46 

6.4 

6.35 

6.3 

6.2 

6.15 

6.2 

6.2 

6.1 

6.1 

6.0 

5.8 

6.65 

5.65 

5.4 

5.2 

5.0 

5.0 

4.9 

4.8 

4.8 

4.7 

4.8 

5.0 

4.8 

5.2 

5.2 

5.3 

5.1 

m 

6.1 

6.4 

5.6 

6.65 

6.8 

6.7 

5.7 

5.6 

5.85 

6.0 

6.3 

6.2 

5.9 

5.9 

5.6 

5.65 

5.6 

5.5 

5.55 

5.6 

5.35 

5.2 

5.15 

5.1 

4.6 

4.6 

4.66 

4.6 

4.66 

4.5 

4.8 

4.25 

4.15 

4.06 

4.06 

4.05 

4.1 

4.1 

4.1 

4.1 

4.1 

4.1 

4.1 

3.85 

3.75 

3.75 

3.76 

3.8 

4.2 

5.6 

5.7 

5.75 

5.8 

k.H 

2 

6.85 

8 

(5.85) 
6.9 

4 

5.35 

5.4 

6.4 

5.4 

5.4 

5.4 

5.46 

5.45 

5.4 

5.4 

5.4 

5.4 

5.4 

:i.4 

5.4 

5  45 

5.4 

5.4 

5.35 

5.4 

5.4 

5.45 

5.4 

5.45 

5.4 

5.4 

5.35 

5.4 

5 

6 

7 

5.9 

5.8 
5.K5 

8 

5.8 

9 

b.HTy 

10 

5.85 

11 

5.8 

12 

5.8 

13 

5.8 

14 

5.8 

15 

5.8 

16 

(5.8) 

(5.8) 

(5.8) 

(.^8) 

(5.8) 

(5^75) 

(5. 75) 

(5.7) 
(5.7) 

17 

18 

19 

20 

21 

22 

23 

24 

25 

5.7 

26 

27 

5.6 
5.65 

28 

29 

30 

31 

(5.66) 
(S.&'i) 
(5.65) 
(5.65) 

Note. — ii&^e  heighl.s  in  parenlhesiN  are  e8tiniatcd. 
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Rating  table  for  Oit^is  River  near  Citrus,  (hL,  from  Jamiary  1  to  Deremfter  SI,  1904. 


Gage 
height 


Fret. 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 


Diwharge. 


Oage 
height. 


Discharge. 


Secondr/eet.   '      Feel. 


20 

30 

40 

50 

60 

75 

90 

105 

120 

135 


4.60 
4.70 
4.80 
4.90 
5.00 
5.10 
5.20 
6.30 
5.40 
5.50 


Second'Jeel. 
150 
165 
180 
195 
210 
230 
250 
270 
290 
310 


Oage 
height. 


5.60 
5.70 
5.80 
5.90 
6.00 
6.10 
6.20 
6.30 
6.40 
6.50 


Diwharge. 

Secoiid-feei. 
335 
:{60 
385 
410 
435 
460 
485 
510 
535 
560 


Gage 
heigiit. 


Feet. 
6.60 
6.70 
6.80 
6.90 
7.00 
7.10 
7.20 
7.30 
7.40 


i)iNCharge. 


I 


Second-feet. 
585 
610 
640 
670 
700 
730 
760 
790 
820 


Estimated. mmtthly  discharge  of  Ownis  River  near  Citrus,  CaL,  for  1904. 


Month. 


Diflcharge  in  second-feet. 


Total  In 
acre-feet. 


January  

Febniarj' 

March 

April 

Mav 

June 

July 

August 

September 

October 

November 

De<;ember 

The  year 


221,970 


POWERS  CANAL   NEAR    BKSIIOP,  CAL. 


This  station  was  established  August  19,  1903,  by  R.  S.  Hawle^^  It 
is  located  one-half  mile  above  mill,  on  Bishop  Creek,  and  4i  miles 
west  of  Bishop,  Cal.  The  gage  is  a  1  by  3  inch  rod  on  left  bank  of 
canal.  Discharge  measurements  are  made  by  wading.  The  canal  is 
straight  for  20  feet  above  and  50  feet  below  the  station.  The  bed  of 
the  canal  is  composed  of  gravel  and  is  not  subject  to  change.  The 
l>ench  mark  is  on  granite  bowlder  60  feet  noilh  of  penstock  of  mill 
pressure  pipe.     Its  elevation  is  3.50  feet  above  the  zero  of  gage. 
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The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  measurements  of  Powers  canal  near  Bishop^  CkU.^  in  1903  and  1904. 


Date. 


1903. 

August  10 

August  19 

August  25 

September  3  . 
September  9  . 
September  16 
September  21 

1904. 

April  16 

May  17 

July  12 

August  6 

October  24... 


Hydrographer. 


R.  S.  Hawley 

do 

do 

do 

do 

do 

do 


R.  S.  Hawley 

do 

J.  C.  Clausen  and  L.  M.  Barnes 

L.  M.  Barnes 

R.  J.  Taylor 


Gage 
height. 


Dischat;ge. 


Feet. 

1.50 
1.48 
1.33 
1.41 
1.38 
1.36 

1.40 
1.50 
1.75 
1.75 
1.40 


Setond-Jeet. 
6.2 
6.8 
6.8 
2.8 
4.9 
3.5 
3.6 

4.4 

6.1 

16.6 

15.8 

3.9 


Mean  daily  gage  height,  infeety  of  Poivers  canal  near  Bishop,  Col.,  for  1904.*' 


Day. 

Mar. 

Apr. 



1.4 

May. 

June. 

July. 

Aug. 

Day. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

i 

1.3 

17 

1.6     1.8 

2 

1.5 

1 

18 

1.4 

1.7 

1  85 

3 

1.4 

1 

19 

1.3 

1.6 

1.8 

4 

1.5 

1 

20 



5 

1.4 

1.8 

21 

1.8 
1.8 

6 

22 

1.6 

1.7 

7 : 

1.5 

23 

8 

1.4 

1.8 



24 

1 

9 

1.6 

25 

1.4 

1.5 

1.8 

, 

10 

26 

1.85 

11 

l.ft 

1.6 

1.8 

'■"'"■  1 

27 

1.5 

1.75 

1.7 

12 

28 



13 

1.6 

29 

1.8 

14 

1.3 

1.6 

30 

15 

1.8 

31 

1 
1.3    

16 

1.4 

1.7 

f 

1 

"No  rt'conl  January,  February,  September,  Oetober,  November,  December. 
Rating  table  for  Powers  canal  near  Bishop,  Cat.,  from  January  1  to  December  SU  1904. 

Discharge. 


Gage 
height. 


Gage 
height. 


Feel 
1.20 
1.30 
1.40 


iketmd-Jcd.  ',      Feet, 


0 
2 
4 


1.50 
1.60 


Discharge. 


Gage 


Scctmd-fect. 
/ 

10 


height. 

Fed. 

1.70 

1.80 


Discharge. 

Sr.ctmd-feet 
14 
18 


heriht.  ,   I>'«^harge.  ! 


/Vrt. 
1.90 
2.00 


Scnmti-feet.  ' 

23    ; 

29 
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Eiiimaled  monthly  discharge  of  Pourrs  canal  near  Bishop^  Oo/.,  for  1904* 


Month. 


March  . 
April . . 
May  -  - , 
June... 
July . . , 
August. 


The  iwriod 


Dlschaive  in  eeoond-feet 


Mazimnm. 


7 

18 
18 
20 


Minimam. 


4 
7 

14 
18 


Mean. 


2 

4 

6.4 
12.8 
16 
19 


Total  in 
aere>f06t. 


123 
238 
394 
762 

oOrx 

1,168 
3,669 


SOUTH    HILLSIDE   CANAL   NEAR  BISHOP,  GAL. 

This  station  was  established  August  26,  1903,  by  R.  S.  Hawley.  It 
is  located  just  below  the  waste  gate  at  head  of  canal,  5  miles  west  of 
Bishop,  Oal.  The  gage  is  a  1  by  3  inch  rod  on  left  bank  of  canal.  The 
discharge  measurements  are  made  by  wading.  The  bench  mark  is  on 
granite  bowlder  marked  by  ring  of  white  paint  and  located  on  left  bank 
2  feet  from  gage;  it  is  2.99  feet  above  zero  of  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographers. 

Discharge  measurements  of  South  HiUside  canal  near  Bishop,  Cal.,  in  1903  arid  1904* 


Date. 


1903. 
August  26... 
September  3 
September  9 

1904. 
February  20 
April  25.... 

Junes 

August  27... 
September  7 


Hydrographer. 


R.  S.  Hawley 

do 

do 

R.  S.  Hawley 

do 

do 

L.  M.  Barnes 
R.  S.  Hawley 


October  16 R.  S.  Hawley,  W.  B.  Clapp,  and  R.  J.  Taylor. 


November  9  . . . 
December  5 


R.  J.  Taylor 
do 


Gage 
height. 

Diwharge. 

Feet. 

Second-feet. 

1.8 

3.9 

1.8 

4.2 

1.8 

4.2 

1.60 

1.0 

2.00 

7.0 

2.20 

10.0 

1.90 

5.1 

2.15 

10.5 

1.65 

1.0 

1.63 

1.1 

1.50 

.4 
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Mean  daily  ga{fe  height^  infedj  ofSotUh  H'dlaide  canal  near  Bishop,  Col.  ^  for  1904.^ 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug:. 

1 

2 

1.5 

3 

2.0 

4 

1.5 

6 

2.0 

2.1 

6 

>•■••••. 

1 

1 

"•"■■■■• 

7 

2.0 

........ 

........ 

8 

9                    

1 

2.0 

10 

1 

11 

2.0 

1.6 

1.9 

e*) 

13 

2.0 

1.6 

16 

1.9 

1.7 
1.8 

17 

2.0 



1.9 

2.0 

19 

2.0 

1.8 

1.6 

2.0 

21 



1.8 

* 

2.0 

23 

1.65 

• 

(0 

1.8 

. 

25 

" 

2.0 

1.8 

1 

1 

........ 

2.0 

27 

2.0 

1.75 

2.0 



• 

29 

1.: 

1.8 

1 

31 

J- 

, 

■ 

; 

a  No  record  for  September,  October,  November,  and  December. 
,b  Water  turned  out  March  12  to  April  22,  inclusive. 
■  c  Water  turned  in. 


Bating  table  for  South  Hillside  canal  near  Bishop,  Cal,,  from  January  J  to  December 

SI,  1904. 


Gage 


licSlU.    I  DL^-haWC. 


heigm.   I  »'«='>«'Ke. 


Diiichaige. 


Ft'ct.      i  Second-fed. 


1.50 
1.60 


0 
1 


Feet. 
1.70 
1.80 


Hecoitd-fcct. 
2.5 
4 
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Etiimated  monthly  discharge  of  South  Hillside  ctimil  near  Bishops  Val.jfor  1904. 


Dischaive  in  fMK'ond-fect. 


Month. 

Maximum. 

Minimum. 

7 
7 

0 
4 

/ 



Mean. 

Total  in 
acre-feet. 

April  24-30 

7 
7 
4 

« 

7 
9 

•* 

7 

2 
5.7 

8 

97 

May 

430 

Jane 

119 

Julv 

350 

W   V».  J      ................................... 

Auinist 

492 

•*  ^"ft*"***  •----•..«.«»-------•-•-»••«■••««• 

The  perio<i 

1,488 

Note.— Discharge  interpolated  for  mislng  days. 

NORTH  HILLSIDE  CANAL  NEAR  BISHOP,  GAL. 

This  station  was  established  September  3,  1903,  by  R.  8.  Hawley. 
It  is  located  at  head  gate  of  the  canal,  5  miles  west  of  Bishop,  Cal. 
The  gage  is  a  1  by  3  inch  vertical  rod  fastened  to  the  right  side  of 
flume  or  head  gate.  Discharge  measurements  are  made  from  cross- 
piece  of  flume  on  which  the  distances  across  are  marked  at  each  foot. 
The  initial  point  for  soundings  is  the  end  of  croaspiece  of  flume  at 
right  bank.  The  bench  mark  is  on  a  granite  bowlder  marked  with 
white  paint,  and  located  near  gage.    It  is  2.96  feet  above  zero  of  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographervS. 

Discharge  measurements  of  North  Hillside  canal  near  Bishop,  Cal.,  in  190 J  ami  1904. 


Date. 


1908. 

August  19 R.  8.  Hawley 

August  25 , do 

September  3. ....... do 

September  9  . . ., do 

Oilober26 1 do 

1904. 

April  16 R.  S.  Hawley 

April  25 , do ♦. 

May  17 do 


June  20 

Julv  12 

August  8 

September  7 
October  15. . 
November  9 
I>ecember  5. 


do 


I 


J.  C.  Clausen  and  L.  M.  Barnes 

L.  M.  Barnes 

R.  S.  Hawley.: 

R.  8.  Hawley,  W.  B.  Clapp,  and  R.  J.  Taylor. 

R.  J.  Taylor 

do 


heiX.      ^'^^^'''^^' 


Feet. 


1.99 
1.95 
1.77 

1.76 
1.95 
2.00 


2.00 
2.00 
1.90 
1.70 
1.70 
1.  55 


Secotid-/cct. 
10.6 

9.5 
11.2 
11.1 

4.3 

4.6 

10.3 

13.0 

13.5 

13.8 

15.6 

9.3 

4.4 

3.8 

1.7 
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Mean  daily  gage  height^  infeely  of  North  HiUside  canal  near  Bishop^  Cal.,foT  1904-^ 


a  No  record  for  September,  October,  November,  and  December.       f*  Dry:  January  1  to  April  16. 
Rating  table  for  North  HiUtnde  canal  near  Bishop,  CaL,  from  April  1  to  December  SI,  1904. 


Oage 
heignt. 


Estimated  monthly  discharge  of  North  Hillside  canal  near  Bishop j  CaL,  for  1904- 


Month. 

Discharge  in  second-feet. 

Total  in 

Maximum. 

10 
13 
13 
15 
21 

Minimum. 

Mean. 

acre-feet. 

April 

0 

13 

9 

9 

11- 

3.8 
13 

11.2 
12.1 
19 

226 

May 

799 

June 

666 

July 

744 

August 

1,168 

The  Deriod 

3,  (503 

1 

Day. 

Jan. 

60.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.00 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Feb. 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Mar. 

Apr. 

May. 

June. 

1 

Jaly.       Aug. 

1 

1 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

1.76 

2 

2.05 
2.05 

2.05 

1 

8 : 

4 

2.06 

5 

2.2              1 

6 

7 

2.05 

• 

8 

1.9              2.0 

9 

2.06 

10 

1 

11 

2.05 
2.05 

2.02 

1.9 

1 

12 

M.mm          , 

i 

13 

14 

1 

2.0 

16 

2.06 

2.02 

18 

2.1 

2.2 

2.05 

2.0 

20 

21 

1.96 

22 

1.95 
1.95 

2.04 
2.06 

2.1 

24 

26 

1.9 

••..••* 

26 

2.2 

2.05 

1.9 

2.1 

28 

1.9 

30 

2.03 

1 

Note.— Discharge  interpolated  for  missing  days. 
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BIG   PINE  CREEK   NEAR   BIG   PINE,  CAL. 

This  station  was  established  December  5^  1903,  by  R.  S.  Hawley. 
It  is  located  8  miles  southwest  of  Big  Pine,  Cal.,  at  a  point  where 
the  creek  leaves  the  foothills.  The  gage  is  a  1  by  3  inch  vertical  rod 
fastened  to  a  tree  on  the  left  bank  of  the  creek,  3  feet  above  the  foot- 
bridge, from  which  discharge  measurements  are  made.  The  initial 
point  for  soundings  is  on  the  footbridge  near  the  right  bank,  and  dis- 
tances across  the  stream  are  marked  at  intervals  of  1  foot.  The 
channel  is  straight  for  30  feet  above  and  50  feet  below  the  station. 
The  current  is  swift  at  all  stages.  Both  banks  are  high  and  rocky. 
The  bed  of  the  stream  is  rough  and  rocky,  and  is  not  subject  to  much 
change.  Bench  mark  No.  1  is  on  a  granite  bowlder  marked  by  a 
ring  of  white  paint,  40  feet  southeast  of  the  south  end  of  the  foot- 
bridge. It  is  8.54  feet  above  the  zero  of  the  gage.  Bench  mark  No.  2, 
which  is  10.44  feet  above  the  zero  of  the  gage,  is  marked  with  a  ring 
of  white  paint  and  is  located  45  feet  southwest  of  the  south  end  of  the 
footbridge.    The  gage  is  read  once  each  day  by  Mrs.  J.  M.  Handle. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  S.  G.  Bennett  and  W.  B.  Clapp,  district  hydrographei's. 

Discharge  measuremenU  of  Big  Pine  Creek  near  Big  Pine^  Col.,  in  1903  and  1904. 


Date. 


1903. 
October  12.. 
August  14  . . 
December  5. 


Hydrographer. 


Gage 
height. 


Discharge. 


Feet. 


R.  S.  Hawley 

do 

do 


1904. 
January  28  . . 
February  10  . 

April  22 

June4 

September  10 

October  10 

November  18. 
December  9. . 


R.  S.  Hawley 

do 

do 

R.  S.  Hawley  and  J.  C.  Clausen. 

R.  8.  Hawley 

R.  S.  Hawley  and  R.  J.  Taylor. 

R.  J.  Taylor 

do 


1.8 

1.80 
1.82 
2.00 
2.95 
2.45  " 
2.00  ' 
1.90 
1.90 


ikcond-feel. 
16.4 
112. 4 
8.5 

11.1 
16.5 
22.0 
105 

58 
31 
21 
20 


IRR  194—05- 


-17 
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Mean  daily  gage  height,  in  feet,  of  Big  Pine  Creek  near  Big  Pine,  Col.,  for  1904, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

2.9 
3.0 
3.1 
3  0 
3.0 
3.2 
3.1 
3.0 
3.0 
3.1 
3.2 
3.6 
3.6 
3.5 
3.8 
3.8 
3.7 
3.5 
3.5 
3.5 
3.1 
3.0 
3.1 
3.2 
3.1 
3.1 
8.1 
3.1 
3.1 
3.1 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

1 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
•1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.85 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

2.0 

1.85 

1.8 

1.8 

1.8 

1.8 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.85 

1.8 



1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.8 

1.9 

1.95 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.85 

1.9 

1.9 

1.85 

1.96 

2.0 

1.9 

2.0 

2.0 

2.0 

2.0 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.95 

1.95 

1.95 

2.0 

2.0 

2.05 

2.1 

2.0 

2.05 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

1.9 

2.0 

1.9 

1.9 

1.9 

2.0 

2.0 

2.1 

2.45 

2.7 

2.7 

2.7 

2.7 

2.8 

2.8 

2.8 

2.8 

2.9 

2.8 

2.9 

2.8 

2.7 

2.6 

2.6 

2.7 

2.9 

3.0 

3.0 

2.8 

2.8 

2.9 

2.9 

2.9 

3.1 
8.1 
3.0 
3.0 
3.0 
3.0 
3.2 
3.2 
3.0 
2.9 
2.9 
2.9 
2.9 
2.9 
2.8 
2.8 
2.8 
2.8 
3.1 
3.3 
3.2 
3.4 
3.5 
3.5 
3.2 
4.0 
3.6 
3.1 
3.0 
3.0 
3.0 

3.0 
2.8 
2,8 
2.8 
2.8 
8.0 
8.0 
8.1 
3.5 
3.2 
3.0 
2.9 
2.9 
2.9 
2.9 
2.9 
3.2 
3.0 
3.0 
2.8 
2.8 
2.8 
2.7 
2.7 
2.7 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 

2.5 
2.6 
2.6 
2.5 
2.4 
2.4 
2.5 
2.6 
2.5 
2.6 
2.6 
2.5 
2.5 
2.6 
2.4 
2.4 
2.4 
2.4 
2.3 
2.2 
2.2 
2.2 
2.1 
2.3 
2.2 
2.0 
2.0 
2,0 
2.0 
2.0 

2.C 

2.0 

2.1 

2.0 

2.1 

2.2 

2.1 

2.1 

2.1 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

1.9 

1.9 

2.0 

2.0 

2.0. 

2.0 

2.1 

2.1 

2.0 

2,0 

2.0 

2.0 

2.1 

2.0 

2.0 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.9 
2,0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.9 
1.9 
2.0 
2.0 
1.9 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

2.0 

2 

1.9 

3.: ,.... 

1.9 

4 

1.9 

5 

1.9 

6 

2.0 

7 

L95 

8 

1.95 

9 

1  9 

10...". 

1.9 

11 

1.9 

12 

1.9 

13 

1.85 

14 

1.H5 

15 

1.^5 

16 

1.V5 

17 

1.85 

18 

1.85 

19 

1.85 

20 

l.!<5 

21 

1.S5 

22 

• 
1.85 

23 

1.85 

24 

1.85 

25 

1.S5 

26 

l.S 

27 

l.H 

28 

1.8 

29 

30 

1,8 
1.85 

81 

1.9 

Bating  table  for  Big  Pine  Creek  near  Big  Pinej  Cal.,from  January  1  to  December  Sl^  1904. 


Gage 
height. 

Discharge. 

1 

Gage 
height. 

Discharge. 
Second-feet. 

1 

Gage 
height. 

Discharge. 

1 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Feet. 

Second-feet.  . 

Feet. 

Second-feet.  . 

1.80 

11 

2.30 

45 

2.80 

90 

3.20 

127      ; 

1.90 

16 

2.40 

53     1 

!     2.90 

100 

3.30 

136     1 

2.00 

22 

2.50 

62     ! 

3.00 

109     . 

3.40 

145 

2.10 

29 

2.60 

71 

3,10 

118 

3.50 

154 

2.20 

36    1 

2.70 

81 
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EMimated  montfdy  discharge  of  Big  Pine  Creek  near  Big  Pine^  Cal.y  for  1904. 


Month. 


'  Discharge  In  second-feet. 

I      ^ 

I  Maximum,  i  Minimum.       Mean. 


January  

February 

March 

April 

May: 

June 

July 

AugURt 

SeptemlKjr 

Octo>)er 

November 

December 

The  vear 


12 

22 

22  j 

29  ' 
109 
188  ' 
208 
154  ; 

71  j 
36  , 
22 
22 

208 


11 
11 
11 
16 
16 
100 
90 
62 
22 
16 
16 
11 

11 


11 
12 

16.8  ■ 
20.5  i 

72.7  ' 
132 
119 

95.8  i 
49 

24 
21 
15 


Total  In 
acre-(eet. 


676 
690 
1,033 
1,220 
4, 469 
7,855 
7,317 
5,593 
2,916 
1,476 
1,250 
922 


49.1  I    35,417 


MISCELLANEOUS   MEASUREMENTS   IN   THE   (JREAT   BASIN. 

The  following  miscellaneous  measurements  were  made  in  the  Great 
Basin  during  1903  and  1904: 

Miscellaneous  measurements  in  the  Great  Basin  in  lOOS  and  1904. 
WILLOW  CREEK  DRAINAGE  BASIN  IN  CALIFORNIA. 


Date. 

Hydrographer. 

W 

•     a     a     ■ 

stream. 

illow  Oeek 

..do 

..do 

.  .do 

l>c>cati<)n. 

Susan vi He  ... 

do 

do 

Standish 

Dis- 
charge. 

1904. 

Jannan'  7 

Mavl2 

J.  S.  Evans 

James  Branham 

S.  (j.  Bennett  and  J. 
Y.  Toler. 

James  Branham 

Sec./eet. 

11.6 
9 

Anjnirt  16 

November  11 

5.4 
52 
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Miscellaneous  measurements  in  Che  Great  Basin  in  190S  and  1904 — Continued. 

OWENS  RIVER  DRAINAGE  BASIN  IN  CALIFORNIA. 


Date. 


Uydrographer. 


1903. 

July  30 

Aug.  5 

Aug.  15 

Sept.  7 

Sept.  15 

Aug.  5 

Aug.  15 

Sept.  5 

Sept.  15 

()<*t.  10 

Oct.  10 

Oct.  12 

Oct.  12 

Aug.  14 

Oct.  12 

Oct.  13 

Sept.  21 

Oct.  13 

Oct.  13 

Oct.  13 

Oct.  13 

Oct.  13 

Oct.  13 

Aug.  13 

Sept.  17 

Oct.  14 

Oct.  14 

Oct.  14 

Oct.  14 

Oct.  15 

Oct.  15 

Oct.  31 

Oct.  31 

1904. 

Apr.  21 

July  11 

Aug.  10 

:^ov.  17 


stream. 


Location. 


R.  S.  llawley 

do 

do 

do 

do 


Hillside  canal 

do 

do 

do 

do , 


Dis- 
charge. 


do ,  Love's  ditch 

do do 

.do do 


do 


.do 


.do McGee  Creek 


At  Bishop. 

do.... 

do.... 

do.... 

do.... 

.....do.... 

do.... 

do.... 

do.... 

do.... 


.do Birch  Creek I do 

I 

do Coyote  Creek do 

do I  Mill  Creek j  At  Big  Pine  . . . . 

do Big  Pine  Creek do 

do do ; do 

do [  Birch  Creek At  Fish  Springs 

.do '  Fish  Slough  ditch do 

do '  Tinemaha  Creek do 


do Taboose  Creek |  At  Black  Rock 

do Clear  Creek , do 

,  do' Goodale  Creek I do 

do Division  Creek Near  Independence 

do I  Oak  Creek .do 

do IndependenceCreek  At  Independence  . . 

do do i do 

do do do 


do Shepherd  Creek |  Near  Independence 

do Moffitt  Creek !.... .do 

do I  Georges  Creek ' do 

.do Lone  Pine  Creek .. .    At  Lone  Pine 


do 


Tuttle  Creek I  Near  Lone  Pine. 


do i  Cottonwood  Creek . .    Near  Olancha 


do 


Ash  Creek ' do 


H.  S.  Hawley...    Hillside  canal At  Bishop. 

J.  C.  Clausen  ...i do , do 

L.  M.  Barnes do ' do 

K.  J.  Taylor ' do do 


Sec.-/t'L 

3.8 

1.9 

2.3 

2.7 

2.9 

.9 

.5 

1.5 

2.4 

2.6 

5.0 

1.6 

7.0 

112 

16.4 
3.5 

11.2 
3.6 
4.8 
1.7 
6.6 
2.5 

10.7 
8.6 
4.5 
4.3 
2.1 
.3 

3.  :i 

2.3 
7.H 
1.2 

S.  4 

5.0 

6.3 

11.5 
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Miscellaneotis  measurements  in  the  Great  Basin  in  1 90S  and  1904 — Continued. 
OWENS  RIVER  DRAINAGE  BASIN  IN  CALIFORNIA-Continued. 


Date. 


Hydrographer. 


Stream. 


1 
o 
4 
4 
5 
5 
5 


5 
5 


1904. 

May  14 

Apr.  21 

July  11 

Apr.  1 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 

Apr.  5 

Apr.  5 
Apr. 
Apr. 

June  24 

Apr.  5 

June  24 

Dec.  19 

Mav  4 

May  4 

May  4 

June  10 

>Iay  5 

May  5 

Jane  10 

May  5 

June  18 

Apr.  28 

Apr.  12 

Oct.  1 

Oct.  10 

Nov.  3 

Feb..  20 


Love*  8  ditch 
do 


R.  S. Hawley... 

do 

J.  C.  Clausen  . . . , do , 

R.S. Hawley '  McGee  Creek. 

do Birch  Creek.., 


Location. 


....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

..-.do 

....do 

....do 

....do 

....do 

I  R.  J.  Taylor. 
i  R.S.  Hawley 
• do 


....do 

Coyote  Creek 

Mill  Creek 

Birch  Creek 

Tinemaha  Creek  . . . 

Tabooee  Creek 

Clear  Creek 

Goodale  Creek 

Division  Creek 

Oak  Creek 

....do 

IndependenceCreek 

....do 

....do 

Shepherd  Creek 

Georges  Creek 

do '  Lone  Pine  Creek . . . 

do do 

do TuttleCieek 

do Cottonwood  Creek.. 


do 

do 

J.C.Clausen. 

R.S.  Hawley. 

do 

do 

do 

R.  J.  Taylor. . 
R.S.  Hawley. 


.do 


Difl. 
charge. 


At  Bishop 

do 

do 

do 

do 

do 

do 

At  Big  Pine 

At  Fish  Springs 

do 

At  Black  Rock 

do 

do 

At  Black  Rock  Springs. 

At  Independence 

do 


do 

do 

do 

do , 

do 

Atl^ne  Pine. 

do 

do 

AtOlancha... 
do 


Ash  Creek ' do 


North  Fork  Bishop  i  At  Bishop 

Creek. 

Horton  Creek '  At  Round  Valley 

Hughes  ditch At  Bishop 

do do 

do do 

do do 

Indian  ditch do 


Sec.-/eet. 
6.6 
4.2 
3.8 
3.8 
4.8 
5.0 
2.0 
5.2 
5.0 
4.0 
4.2 
6.4 
2.1 
2.5 
9.4 

35 
3.3 

40 
3.5 
1.0 
2.4 
4.0 

28 
3.0 

21 

30 
3.0 

81 

5.0 
1.5 
.3 
3.0 
2.2 
12.1 


INDEX. 


A.  Pa^c. 

Adin,  Cal. 

Ash  Creek  at: 

description 182 

diachaige 132 

discbaige,  monthly 134 

gage  heights 133 

rating  table 13»-134 

Willow  Creek  near: 

dbcharge 182 

Alameda  Creek  at — 
Nileji  dam,  California: 

dl««oharge 181 

Alameda  Creek  drainage: 

miM'ellaneous  measurements  on  creeks 

in 181 

Alamitos,  Cal. 

San  Gabriel  River  near— 

dlKcharge 84 

Alamito((  canal  near — 
Calexico,  Cal.: 

discharge 36 

gage  heights 86 

Alamo  channel  near — 
Calexico,  Cal.: 

discharge 38 

gage  heights 34 

Alder  Creek  in— 

Merced  River  basin: 

discharge •185 

Alturas,  Cal. 

E.  Laner's  ditch  near: 

discharge 182 

Fitzhugh  Creek  near: 

discharge 182 

M.  Hugh's  ditch  near: 

discharge 182 

Pit  River  at: 

diJKrharge 1 82 

Alrord,  Cal. 

^nger  canal  at: 

description 240-241 

discharge 241 

gage  heights 241-242 

Amagosa  Creek  in— 

Santa  Yuez  River  basin,  California: 

discharge 77 

American  River  near— 
Fairoaks,  Cal.: 

description 145 

discharge 146 

gage  heights 146 


American  River  drainage,  California:  Page, 

miscellaneous  measurements  on  canals, 

ditches,  and  forlcs  in 183 

Antelope  Creek  in— 

Klamath  River  drainage: 

discharge 194 

Red  Bluff,  Cal.: 

discharge 182 

Arroyo  ditch  in— 

San  (rabriel  River  drainage: 

dl^harge 8.'>-8(» 

Arroyo  Hondo  near— 
Sunol,  Cal.: 

discharge 1«1 

Arroyo  Seco.  California,  at  and  near- 
miscellaneous  pointo: 

discharge 79 

Soledad,  Cal.: 

description 48 

discharge 49 

discliarge,  monthly 50 

gage  heights 49 

rating  table 50 

Ash  Creek  at— 
Adin,  Cal.: 

description 132 

discharge 132 

discharge,  monthly .*. . .      134 

gage  heights 133 

rating  table iaM34 

Ash  Valley,  California: 

discharge 182 

Olancha,  Cal.: 

discharge 260, 261 

Ash  Valley,  California: 
Ash  Creek  at: 

discharge 182 

Auburn,  Cal. 

American   River  (North   and   Middle 
forks)  near: 

discharge 183 

Azusa,  Cal. 

San  Gabriel  canals  near: 

description 62 

discharge 63 

discharge,  mean  daily 64 

discharge,  monthly 65 

San  Gabriel  River  near: 

description 62 

discharge 63 

dischai^e,  monthly 65 

gage  heights 63 

ratingtable 64 

263 


264 


INDEX. 


B.  Pa«e. 

Bakersfield,  Cal. 
Kern  River  near: 

desscriptlon 176 

dischai^e,  mean  dally 176 

discharge,  monthly 177 

Baldwin  ditch  in— 

San  Gabriel  River  basin,  California: 

dischargre 82-S» 

Balls  Ferry,  Cal. 

Battle  Creek  near: 

discharge 181 

Bards  station.  California: 
Sacramento  River  at: 

discharge 181 

Basin  Slope  Creek,  California: 

Tuolumne  River  (North  Folk)  above: 

discharge 184 

Battle  Creek  near- 
Balls  Ferry,  Cal.: 

discharge 181 

Bear  River  above — 
Wheatland,  Cal.: 

description 144 

discharge 144 

gage  heights 145 

Best's  camp,  Mexico: 

Imperial  canal  (main)  near: 

discharge 41 

Padrone  River  diversion  at: 

discharge 41 

Bieber,  Cal. 

Pit  River  near: 

description , 184-135 

discharge 135 

discharge,  monthly 137 

gage  heigh  ts 136 

rating  table 136 

Big  Creek  at— 

Summerdale,  Cal.: 

discharge 185 

Big  Pine,  Cal. 

Big  Pine  Creek  near: 

description 257 

discharge 257,260 

discharge,  monthly 259 

gage  heights 258 

rating  table 258 

Mill  Creek  at: 

discharge 260,261 

Big  Pine  and  Owens  River  canal  near- 
Bishop,  Cal.: 

description 238 

discharge 238 

discharge,  monthly 240 

gage  heights 238-239 

rating  table 240 

Big  Pine  Creek  near- 
Big  Pine,  Cal.: 

description 257 

discharge 257, 260 

discharge,  monthly 259 

gage  heights 258 

ratingtable 258 

Big  Tejunga  Creek  in— 

Los  Angeles  River  basin,  California: 

discharge 78 


Birch  Creek  at—  Page. 

Bishop,  Cal.: 

discharge 260.  jei 

Fish  Springs,  Cal.: 

discharge 2«),  361 

Bishop,  Cal. 

Big  Pine  and  Owens  River  canal  near: 

description 2:t> 

discharge 23R 

discharge,  monthly 240 

gage  heights 23H-239 

rating  table 240 

Birch  Creek  at: 

discharge 260,  'Ail 

Bishop  Creek  near: 

description 225 

discharge 226 

discharge,  monthly 22h 

gage  heights 226-227 

rating  table 22h 

Bishop  Creek  (North  Fork)  at: 

discharge 261 

Bishop  Creek  canal  near: 

description 214 

discharge 214 

discharge,  monthly 216 

gage  heights 215 

ratingtable 216 

Colllns's  (A.  O.)  canal  near: 

description 232 

discharge 232 

discharge,  monthly 235 

gage  heights 233-234 

rating  table 234 

Collins's  (George)  canal  near: 

description 222 

discharge 222 

discharge,  monthly 225 

gage  heighte 223-224 

ratingtable 224 

Coyote  Creek  at: 

discharge 260.261 

Dell  canal  near: 

.description 235 

discharge 235-236 

discharge,  monthly 237 

gage  heights 23&-287 

Farmers'  canal  near: 

description 216 

discharge 217 

discharge,  monthly 219 

gage  heights 217-21ft 

ratingtable 219 

Hillside  canal  at: 

discharge 260 

Hughes's  ditch  at: 

discharge 261 

Indian  ditch  at: 

discharge 261 

Love's  ditch  at: 

discharge 260, 261 

McGee  Creek  at: 

discharge '200,  »l 

McNally  canal  near: 

description 21»-220 

discharge 220 

discharge,  monthly 221 
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Bishop,  Cal.— Continued.  Page. 

McNall7  canal  near: 

gageheUrhta 220-221 

ratingUble 221 

North  Hillside  canal  near: 

description 255 

discharge.'. 256 

discharge,  monthly 256 

gageheights 256 

ratingtable 266 

Owens  River  canal  near: 

description 211 

discharge 211 

discharge,  monthly 213 

gageheighu 212 

ratingtable 213 

Powers  canal  near: 

descripUon 251-252 

discharge 252 

discbarge,  monthly 253 

gageheights 252 

ratingtable 252 

Rawson  canal  near: 

description 229 

discharge 229 

discharge,  monthly 281 

gageheights 230-231 

ratingtable 281 

South  Hillside  canal  near: 

description 258 

discharge 253 

discharge,  monthly 256 

gageheights •: 254 

ratingUble 254 

Bishop  Creek  near- 
Bishop,  Cal.: 

description 225 

discharge 228 

discharge,  monthly 228 

gage  heigh  ts 226-227 

mting  table 228 

Biahop  Creek  (North  Fork)  at— 

Bishop,  Cal.: 

discharge 261 

Bisbop  Creek  canal  near- 
Bishop,  Cal.: 

description 214 

discharge 214 

discharge,  monthly 216 

gage  heights 215 

Mting  table 216 

Black  Rock,  Cal. 

Clear  Creek  at: 

discharge 260,261 

Goodale  Creek  at: 

discharge 260,261 

Tabooee  Creek  at: 

discharge 260,261 

Black  Rock  Springs,  Cal. 

Divifion  Creek  at: 

discharge 261 

Blue  Canyon  Creek  in— 

Santa  Ynez  River  basin,  California: 

discharge 77 

Boundary  canal  near— 

Calexico,  Cal.: 

discharge 89 


Bridal  Veil  Creek  In-  Page. 

Yosemite  Valley,  Callfoniia: 

discharge 185 

Bull  Run  Creek,  California,  above — 
mouth: 

dUcharge 188 

Bumey  Creek,  California— 
below  Bumey  Falls: 

discharge 183 

Pit  River  above: 

diftcharge 183 

Bumey  Falls,  California: 
Burney  Creek  below: 

discharge 183 

Butte  Creek  in— 

Klamath  River  basin: 

discharge 194 

C. 

Cache  Creek  at  and  near- 
Lower  Lake,  Cal.: 

description 109-110 

discharge 110-111 

discharge,  monthly 112 

gage  heights Ill 

ratingUble 112 

Yolo,  Cal.: 

description 118 

discharge 118 

discharge,  monthly 115 

gageheights 114 

rating  Uble : 115 

Calabasa.^,  Cal. 

Malibu  Creek  near: 

description 58-59 

discharge,  monthly 60 

gage  heights 59 

rating  Uble 60 

Triumfo  Creek  near: 

description'. 58-59 

discharge,  monthly 62 

gage  heights 61 

rating  uble 61 

Calexico,  Cal. 

Alamitos  canal  near: 

discharge 35 

gage  heights 86 

Alamo  channel: 

discharge 33 

gage  heights 34 

Boundary  canal: 

discharge 39 

Hemlock  canal  near: 

discharge 31 

gage  heights 32 

Holt  canal  near: 

discharge 2»-30 

gage  heights 30 

Imperial  canal  (main)  near: 

d  ischarge 37 

gage  heights 38 

New  River  at: 

discharge 41 

California-Mexico  boundary  line. 

Imperial  canal  at: 

description 26-27 

discharge 27, 28 

gage  heights 28 
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Tanby.  Gft].  Fuge. 

Pit  River  Dear: 

descripUoD 12&-129 

AiachBtge 129 

diflchazge,  monthlj 131 

gage  heights 190 

rating  table 131 

Canyon  Creelc  acar— 
Centenrille,  (!al.: 

diachaxge 182 

<'arfoon,  Cal. 

Hat  Creek  at: 

diMcharge 183 

Carmelita,  Cal. 
'76  canal  near: 

discharge 186 

<'arter  River,  Mexico- 
Imperial  canal  at: 

discharge 41 

Carter-Lake  Eleanor  trail  croraing,  Califor- 
nia: 
Cherry  River  at: 

discharge 1S4 

Clavey  River  at: 

discharge 1H4 

Hull  Creek  at: 

diMcharge 184 

Center\'ille,  Cal. 

Canyon  Creek  near: 

discharge 182 

('herry  River  at — 

Carter-Lake  Eleanor  trail  crn»«ing,  Cali- 
fornia: 

discharge 181  . 

(!hino  (!reek  near— 
Rincon,  Cal,: 

diKcharge 94 

<;hiquita  San  Joaquin  River.  California,  at — 
mouth: 

di.scharge 185  ' 

CltniB.  Cal. 

EaM  Side  canal  near: 

description 242-243 

dl'K'harge 243 

dischnrge,  monthly 245  ' 

gage  heights 243-244  | 

rating  table 245  i 

Owens  River  near: 

description 248 

discharge 249  , 

discharge,  monthly 251 

gage  heights 249-250 

rating  table 251 

Stevens  canal  near: 

description 245 

discharge 246 

discharge,  monthly 248 

gage  heights 246-247 

rating  table 247-248 

City  Creek  in— 

Santa  Ana  River  basin,  California: 

discharge 89 

<'lark  Creek,  California: 

discharge 187 

Clavey  River  above — 

Twomlle  Creek,  California: 

discharge 184 


Clear  Creek  at—  Page. 

Black  Rock.  GaL: 

djachaige 260,261 

Clear  Lake.  Cal. 
Lost  River  at: 

discharge In* 

gagelieiglitt l«<^ 

Clear  Lake  at— 
LAkeport,  Cal.: 

evaporatioD  reeord l<*. 

Clearwater.  Cal. 

Los  Angeles  River  near: 

dischaiige TV 

Clements,  Cal. 

Mokelomne  River  near 

description IV) 

discharge IM 

ga^  heights 1-^1 

ColUns's  (A.  (>. )  canal  near— 
Eishop,  Cal.: 

description 2X2 

discharge "iK 

discharge,  monthly 235 

gage  heights 233-231 

ratingtable 234 

CoUins's  (George)  canal  near- 
Bishop.  Cal.: 

description 222 

discharge ~- 

discharge,  monthly 2:^'^ 

gage  heights 223-2L't 

rating  table 221 

Colorado  River  at— 
Yuma.  AriE.: 

description 2»  »-21 

discharge 21-24 

discharge,  monthly i^ 

evaporation 26 

gage  heights 25 

Colorado  River  drainage  basin: 

description li*-ao 

miscellaneous  measurements  on  canals 

and  rivers 41 

Colorado  Valley  Pumping  and  Irrigation 
Company's  canal,  Ariz.,  at — 
head: 

discharge 41 

Yuma,  Ariz.: 

cost  of  pumping 4fi 

duty  of  water 42-44, 4S 

seepage  loss 47 

Cottonwood  Creek  at— 
Olancha,  Cal.: 

discharge 260.261 

Coyote  Creek  at— 
Bishop,  Cal.: 

discharge it-O.  y.l 

Cucamonga  Creek  in— 

Santa  Ana  River  basin,  Cal.: 

discharge 87 

D. 
Dalton  Creek  In— 

San  Gabriel  River  bashi,  Cal.: 

discharge 81 

Davis  Creek  at — 
Davis  Creek,  Cal.: 

dif»charge 182 
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Davis  Cre«k,  Cal.  Pag«. 

Davis  Creek  at: 

discharge 1^ 

Deer  Creek,  near— 
Vina,  C*l.: 

dischai^e W2 

Bell  chiaI  near— 
Bisbop.t3al.: 

.  description :-    .285 

dischaiKe 235-286 

dischaiKc,  monthly 237 

gage  heights 286-237 

J)«'vil!<  Gate,  Cal. 

Arroyo  Seco  at  and  near: 

discharge 79 

Divirion  Creek  at  and  near- 
Black  Rock  Springs,  Cal.: 

discharge 261 

Independence,  Cal.: 

discharge 260 

Dumt  Creek  in— 

Kaweah  River  basin: 

discharge 1^ 

iMwoey,  Cal. 

Rio  Hondo,  near: 

discharge M 

E. 

Ea-t  Side  canal  near— 
Citnis.  Cal.: 

description 242-243 

discharge 243 

discharge,  monthly 245 

ffage  heights 243-244 

rating  table 245 

Ri.»i  Twin  Creek  in — 

^«nta  Ana  River  basin,  California: 

discharge H8-89 

E;u«»n  C-anyon  Creek  in— 

San  Uabriel  River  basin,  California: 

discharge 83 

E'.-l  River  at — 

^tingleys  Station,  Cal.: 

*di.«icbarge 196 

E;  Monk-.  Cal. 

^AD  Gabriel  River  at: 

discharge 88-»4 

WhittJer  ditch  near: 

discharge 86 

E^tsnor  Creek  below — 

LalLC  Eleanor,  California: 

discharge 184 

rwira,  Cal. 

Molcelumne  River  at: 

description 148 

discharge 148 

discharge,  monthly 150 

gage  heights 149 

rating  table 149 

E-peranza,  Cal. 

Anaheim  and  Fullerion  canal  at: 

diwharge 92 

Piru  Cruek  near: 

di««harge 76 

Yortia  ditch  at: 

discharge 92 


F.  Page. 

Fairoaks,  Cal. 

American  Rivei  near: 

description 146 

discharge 146 

gage  heights 146 

Fall  River  near— 

Fallriver  Mills,  Cal.: 

Fallriver  Mills.  Cal. 

Fall  River  near: 

discharge 1H3 

Farmers'  canal,  Arizona,  at  and  near- 
head: 

discharge 41 

Bl.ahop,  Cal.: 

description 216 

dl.icharge 217 

discharge,  monthly 219 

gage  heights .'. 217-'218 

rating  table 219 

Feather  River  at— 

Orovllle,  Cal.: 

description 137-138 

discharge 138 

discharge,  monthly 140 

gage  heights 138-139 

ratingtable 139 

Fish  Springs,  Cal. 

Birch  Creek  at: 

di-scharge 260,261 

Tinemaha  Creek  at: 

discharge 260.261 

Fitzhugh  Creek  near— 

Alturas,  Cal.: 

discharge isi 

Folsom,  Cal. 

American  River  (South  Fork)  near: 

discharge 183 

North  Fork  ditch  near: 

discharge 183 

Fort  Klamath,  Oreg. 

Wood  River  at: 

discharge 195 

Fnito,  Cal. 

Stony  Creek  near: 

description 116 

discharge 116 

discharge,  monthly 118 

gage  heights 1.      117 

rating  table 1 17 

G. 

(Jeorges  Creek  at— 
Independence,  Cal.: 

discharge 260,261 

Goodale  Creek  at — 
Black  Rock,  Cal.: 

discharge 260,261 

Grangevllle,  Cal. 

King  River  (lower)  canal  at: 

dl!!>cha  rge 1 86 

Great  Ba.sin  drainage: 

description 19fi 

miscellaneous  measurements  on  canals, 
creeks,  and  ditches 259-2(U 
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Gregory.  Cal.  Page. 

McCloud  River  near: 

description 122 

discharge 123 

gage  heights 123 

Guenoc,  Cal. 

Puta  C^^ek  near: 

description lOS-107 

discharge 107 

discharge,  monthly 108 

gage  heights 107 

ratingtable 108 

H. 
Hat  Creek  at— 

Carbon,  Cal.: 

discharge 183 

Hatchet  Creek  near- 
Montgomery,  Cal.: 

discharge 183 

Healdsburg.  Cal. 
RiLssian  River  at: 

discharge 196 

Hemlock  canal  near— 
Calexico,  Cal.: 

discharge 31 

gage  heights 32 

Kemdon,  Cal. 

San  Joaquin  River  at: 

description 165-166 

gage  heights 166 

Hetch  Hetchy  Valley,  California. 
Rancheria  Creek  in: 

discharge 184 

Tiltill  Creek  in: 

discharge •. 184 

Tuolumne  River  in: 

discharge 184 

Hillside  canal  at — 
Bishop,  Cal.: 

discharge 260 

Hollister,  Cal. 

San  Benito  River  near: 

discharge 196 

Holt  canal  near— 
Calexico.  Cal.: 

discharge 29-80 

gage  heights 30 

Horton  Creek  at— 
Round  Valley,  Cal.: 

discharge 261 

Hughes  ditch  at — 
Bishop,  Cal.: 

discharge 261 

Hull  Creek  at— 

Carter-Lake  Eleanor  trail  crossing,  Cali- 
for  la: 
discharge 184 

I. 
Illilonetie  Creek  in— 
Yosemltc  Valley,  Cal.: 

discharge 184 

Imperial  canal  at  and  near- 
Best's  camp,  Mexico: 

discharge 41 

('alexico,  Cal.: 

discharge 37 

gage  heights 3» 


^ 


Imperial  canal  at  and  near—  Pi|r<^ 

California-Mexico  boundary  line: 

description a>--'7 

discharge 27.> 

gage  heights.  ^ > 

Junction  with  Carter  River,  Mexico: 

discharge *1 

Imperial  Valley.  Cal. 

waste  measurements  in 4*^ 

Imperial  Valley  canals: 

description '^ 

Independence,  Cal. 
Division  Creek  near: 

discharge 2*0 

Georges  Creek  near: 

discharge t«v>i 

Independence  Creek  at: 

discharge 260.351 

Moffitt  Creek  near: 

discharge 29J 

Oak  Creek  at: 

discharge 2tt),M 

Shepherd  Creek  at: 

discharge «»,261 

Independence  Creek  at— 
Independence,  Cat.: 

discharge 2«).-3il 

Isabella,  Cal. 

Kern  River  and  ditches  near: 

discharge 1*^"* 

Ives  ditch.    See  Colorado  Valley  Pumping 
and  Irrigation  Company'scanal. 
Ivy,  Cal. 

Pit  River  (South  Fork)  near: 

description 125-126 

discharge i* 

discharge,  monthly 1> 

gage  heights l-^ 

ratingtable 127-128 

J. 
Jackson  Creek,  Cal.: 

discharge — ; l*^ 

K. 
Kaweah  River  below— 
Three  Rivers,  Cal.: 

description 170-171 

discharge 171 

discharge,  monthly 17i 

gage  heights 172 

ratingUble 172 

Kaweah  River  (East  Fork)  in— 
California: 

discharge 1*'7 

Kaweah  River  (Marble  Fork)  in— 
Sequoia  Park,  Cal.: 

discharge 1  '*7 

Kaweah  River  (Middle  Fork)  in- 
California: 

discharge l  •'7 

Kaweah  River  (North  Fork)  above— 
Schreibcrs  ditch: 

discharge 1  ** 

Three  Rivers,  Cal.: 

discharge 1  "*» 

Kaweah  River  drainage: 

miscellaneous  measurements  on  rivers 

and  creeks 186-1^7 
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Keno.  Oreg.  Page. 

Klamath  River  at: 

discharge 190 

gage  heights 191 

Kem  River  near^ 
Bakersfield,  Cal.: 

description 176 

discharge,  mean  daily 176 

discharge,  monthly 177 

Isabella,  Cal.: 

discharge 188 

Kem  River  (North  Fork)  near- 
Kern  ville,  Cal.: 

discharge 187,188 

Kem  River  (South  Fork)  near — 
Isabella.  Cal.: 

discharge 1«8 

Kem  River  drainage: 

miscellaneous  measurements  on  rivers, 

creeks,  and  ditches 187-188 

KeraVille,  Cal. 

Kem  River  (North  Fork)  and  ditches 
at  and  near 

discharge 188 

King  River,  Cal. 

canals  and  ditches  near: 

discharge 185 

King  River  at  and  near^  • 

Klngsbnrg,  Cal.: 

description 169 

gage  heights 170 

mouth  of  North  Fork: 

discharge 186 

Sanger,  Cal.: 

description 167 

discharge 167 

discharge,  monthly 169 

gage  heights 168 

rating  table 168 

King  River  (North  Fork)  at— 
mouth: 

discharge 186 

King  River  drainage: 

miscellaneous  measurements  on  canals 

and  ditches 186-186 

Kingsbuig,  Cal. 
Ditches  near: 

dischange 186 

King  River  at: 

description 169 

gage  heights 170 

Klamath  Falls,  Oreg. 
Ankney  canal  at: 

discharge 196 

Klamath  River  at: 

discharge 191 

ga^e  heights 192 

Klamath  Lake  (Upper).    See  Upper  Kla- 
math Lake. 
Klamath  River  at— 
Keno,  Oreg.: 

discharge 190 

gage  heights 191 

Klamath  Falla,  Oreg.: 

discharge 191 

gage  heights 192 

Klamathon,  Cal.: 

discharge 194 


Klamath  River  drainage:  Page, 

miscellaneous  measurements  on  rivers. 

creeks,  canals,  and  ditches 194-196 

Klamathon,  Cal. 

Klamath  R^ver  at: 

discharge 194 

Knights  Ferry,  Cal. 

Schell  ditch  at: 

discharge 188 

Stanislaus  River  at: 

description 161-152 

discharge 152 

discharge,  monthly 164 

gage  heights 153 

rating  table 153 

Stanislaus  Water  Company's  ditch  at: 

description 154 

discharge 166, 183 

gage  heights 165 

rating  table 156 

L. 
Lagrange,  C^l. 

Modesto  canal  at: 

description 161 

discharge J62 

discharge,  monthly 158 

gage  heights 162 

rating  table 163 

Tuolumne  River  at: 

description 156 

discharge 157 

discharge,  monthly 158 

gage  heights 157 

rating  table 158 

Turlock  canal  at: 

description 159 

discharge 159 

discharge,  monthly 158 

gage  heights 160 

rating  table 160-161 

Lagrange  dam,  Cal. 

mining  ditch  near: 

discharge 184 

Lake  Eleanor,  Cal. 

Eleanor  Creek  near: 

discharge 184 

Lakeport,  Cal. 

Clear  Lake  at: 

evaporation  record 109 

Langells  Valley,  Oreg. 

Lost  River  at: 

discharge 196 

Lasalle  ranch  at— 

Yuma,  Ariz.: 

duty  of  water 44 

Laton,  Cal. 

canals  and  ditches  at: 

discharge 186 

Likely,  Cal. 

Corporation  ditch  near: 

discharge 182 

Dukes  ditch  near: 

discharge 18*2 

West  Valley  Creek  near: 

description 123-124 

discharge 124 

gage  heights 125 


270 


INDEX. 


Little  Anita  Creek  in—  •  Page. 

San  Gabriel  River  basin,  Gal.: 

discharge 83 

Little  Kern  River,  Cal.: 

discharge 187 

Little  Shasta  River  at— 
Table  Rock,  Cal.: 

discharge 1 195 

Little  Tejunga  Creek  in— 

Los  Angeles  River  basin,  Cal.: 

discharge 78 

Lone  Pine,  Cal. 

Lone  Pine  Creek  at: 

discharge 260, 261 

Tuttle  Creek  at: 

discharge 260, 261 

Lone  Pine  Creek  at — 
Lone  Pine,  Cal.: 

discharge 260, 261 

Lorella,  Oreg. 

Miller  Creek  near: 

discharge 189, 196 

gage  heights : 189 

LoH  Angeles,  Cal. 
Arroyo  Seco  at: 

discharge 79 

Los  Angeles  River  at  and  near: 

discharge 78-79, 80-«l 

Los  Angeles  River  at  and  near- 
Los  Angeles,  Cal.: 

discharge 78-79, 80-81 

Los  Angeles  River  drainage: 

miscellaneous  measurements  on  rivers 

and  creeks 78-81 

ost  River  at — 
Clear  Lake,  Cal. 

discharge 188 

gage  heights 189 

Langells  Valley,  Oreg.: 

discharge 195 

Merrill.  Oreg.: 

discharge 190 

gage  heights 190 

Olene,  Oreg.: 

discharge 195 

Love's  ditch  at— 
Bishop,  Ckl.: 

discharge 260-261 

Lower  Lake,  Cal. 
Cache  Creek  at: 

description 109-110 

discharge 110-111 

discharge,  monthly 112 

gage  heights Ill 

rating  table 112 

Lady  canal,  Ariz. 
at  head: 

discharge 41 

Lytle  Creek  in— 

Santa  Ana  River  basin,  Cal.: 

discharge 87, 88 

M. 
HcCloud  River  near— 
Gregorj',  Cal.: 

description 122 

dis(!harge 123 

gage  heights , 1'23 


McGee  Creek  at—  Page. 

Bishop,  Cal.: 

discharge 260.  '2Sl 

McNally  canal  near- 
Bishop,  Cal.: 

description 219-iiO 

discharge £» 

discharge,  monthly 2^1 

gage  heights 220-.iil 

rating  table HI 

Mad  River  at — 

Vance,  Cal.: 

discharge 196 

Malibu  Creek  near— 

Calabasas,  Cal.: 

description 6f«-T(9 

discharge,  monthly eu 

gage  heights :i» 

rating  table GO 

Mentone,  Cal. 

Santa  Ana  River  near: 

description 67 

discharge 68 

dLscharge,  monthly 69 

rating  table 69 

Merced  Falls,  Cal. 

Merced  River  above: 

description 163 

discharge :63-l»V4 

discharge,  monthly IikS 

gage  heights 164 

rating  table 165 

Merced  River  above — 

Merced  Falls,  Cal.: 

description ifS 

discharge 16;^]  t'4 

discharge,  monthly h'A 

gage  heights IM 

rating  table 165 

in  Yosemite  Valley,  California: 

description 178 

discharge 178,  i^i 

gage  heights 179 

Merced  River  (South  Fork): 

ditches  on: 

discharge l-'vi 

near  Wawona  Bridge,  California: 

d  ischarge 18.S 

Merced  River  drainage: 

mlsoellaneous  measurements  on  rivers, 

creeks,  and  ditches 1H4-Lv> 

Merrill,  Oreg. 

Adams  ditch  at: 

discharge iy5 

Lost  River  at: 

discharge l«i» 

gage  heights iw 

Tule  Lake  near: 

gage  heights 194 

Merrlllville.  Cal. 

Willow  Creek  at: 

description 199 

discharge IW 

discharge,  monthly 200 

gage  heights 199-2H) 

Mill  Creek  at  and  near- 
Big  Pine,  Cal.: 

d  isc  ha  rge 260, 261 
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Mill  Creek  at  and  near—  Pa^. 

in  Santa  Ana  River  basin,  California: 

discharge 89-90 

Tehama,  Cal.: 

discharge 182 

Miller  Creek  near— 
Lorella,  Oreg.: 

discharge 189,195 

gage  heights 189 

Mineral  King.  Cal. 

Kaweah  River  (East  Fork)  at: 

discharge 187 

Modesto  canal  at— 
Lagrange,  Cal.: 

description 161 

discharge 162 

discharge,  monthly 158 

gage  heights 162 

rating  table 163 

Mofhtt  Creek  near— 
Indei>endence,  Cal.: 

discharge ., 2fi0 

Mohave  River  at— 
Victorville,  Cal.: 

description 72 

discharge 73 

discharge,  monthly 74 

Mokelumne  River  at  and  near — 
Clements,  Cal.: 

description 160 

discharge 161 

gage  heights 151 

Electra,  Cal.: 

description 148 

discharge 148 

discharge,  monthly 150 

ga^  heights 149 

rating  table 149 

Mono  Creek  at— 

Mono  dam  site,  California: 

description 56-56 

discharge 56 

discharge,  monthly 58 

gage  heights 67 

rating  table 57 

Mono  dam  site,  California: 
Mono  Creek  at: 

description 65-56 

discharge 56 

discharge,  monthly 58 

gage  heights : 57 

rating  fable 57 

Montgomery,  Cal. 

Hatchet  Creek  near: 

dtecbaige 188 

Montgomery  Creek  at: 

diM>haige 183 

Montgomery  Creek  at — 
Montgomery,  Cal.: 

discharge 183 

N. 

Kameless  Creek,  California: 

discharge 187 

Kew  River  at— 

Calerico,  Cal.: 

discharge 41 


Niles  dam,  California.  Page. 

Alameda  Creek  at: 

discharge 181 

North  Hillside  canal  near- 
Bishop,  Cal.: 

description 255 

discharge 255 

discharge,  monthly 256 

gage  heights 256 

rating  table 256 

Northern  Pacific  Ocean  drainage: 

miscellaneous  measurements  on  rivers 
in 196-196 

O. 
Oak  Creek  at— 

Independence,  Cal: 

discharge 260, 261 

Olancha,  Cal. 
Ash  Creek  at: 

discharge 260, 261 

Cottonwood  Creek  at: 

d  i.Mcharge ^ . . .  260, 261 

Olene  Oreg. 

Lost  River  at: 

discharge 195 

Olive,  Cal. 

Santa  Ana  River  at: 

discharge 94 

Oroville,  Cal. 

Feather  River  at: 

description 137-138 

di-scharge 138 

•  .     discharge,  monthly 140 

gage  heights 138-139 

rating  table 139 

Owens  River  near- 
Citrus,  Cal.: 

description 248 

discharge 249 

discharge,  monthly 251 

gage  heights 249-260 

rating  table 261 

Round  Valley,  California: 

description 200 

discharge 201 

discharge,  monthly 20:J 

gage  heights 202 

rating  table 203 

Owens  River  drainage,  California: 

miscellaneous  mea.surements  on  creeks, 

canal,  and  ditches •. 260-261 

Owens  River  canal  near- 
Bishop,  Cal.: 

description 211 

discharge 211 

discharge,  monthly 213 

gage  heights 212 

rating  table 213 

P. 
Pacoima  Creek  in- 

Los  Angeles  River  basin,  California: 

discharge 78 

Padrone  River  diversion  at— 
Best's  camp,  Mexico: 

discharge 41 

Pajaro  River  drainage: 

miscellaneous  racasuremontson  rivers.      196 
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Pala,  Cal.  Page. 

San  Luis  Rev  River  near: 

description 65-€6 

discharge 78 

gage  heights 66 

Paitadena,  Cal. 

Arroyo  Seeo  at: 

discharge 79 

Pelican,  Oreg. 

Upper  Klamath  Lake  near: 

gage  heights 193 

Pine  Creek,  Cal. 

Pine  Creek  near: 

discharge IW 

Pine  Creek  near — 

Pine  Creek,  Cal.: 

discharge 182 

Round  Valley,  Cal.: 

description •jOl 

discharge 208 

discharge,  monthly 210 

gag&  heights 208-209 

rating  table 210 

Piru  Creek  in — 

Santa  Clara  River  basin,  Cal.: 

discharge 76 

Pit  River  at  and  near — 

Alturas,  Cal.: 

discharge 182 

Bieber,  Cal.: 

description 134-135 

discharge 13ft 

discharge,  monthly 137 

gage  heights 186 

rating  table 136 

Bumey  Creek,  Cal.: 

discharge 183 

Can  by,  Cal.: 

description 128-129 

discharge 129 

discharge,  monthly 131 

gage  heights 130 

rating  table ^ .      131 

Pitville,  Cal.: 

discharge 182 

Pit  River  (South  Fork)  near- 
Ivy,  Cal.: 

description 126-126 

discharge 126 

discharge,  monthly 128 

gage  heights 127 

rating  table 127-128 

Pit  River  drainage,  California: 

miscellaneous  measurements  on  creeks 

and  ditches '  182-183 

Pitville,  Cal. 

Pit  River  at: 

discharge 182 

Plunge  Creek  In — 

Santa  Ana  River  basin,  Cal.: 

discharge 89 

Portersville,  Cal. 

Tule  River  near: 

description 178 

discharge 174 

discharge,  monthly 175 

gage  heights 174 

rating  table 175 


Pawers  canal  near—  Page. 

Bishop,  Cal. : 

description 25l-iV2 

dAeharge •. .     iVi 

discharge,  monthly 2.t3 

gage  heights zv: 

rating  table 252 

Puta  Creek  near— 
Guenoc.Cal.: 

description 106-107 

discharge loT 

discharge,  monthly las 

gage  heights 1C7 

rating  table 1* 

R. 

Rancheria  Creek  in— 

Hetch  Hetchy  Valley,  Cal.: 

discharge 1»4 

Rawaon  canal  near- 
Bishop,  Cal. : 

description 229 

discharge ita 

discharge,  monthly 231 

gageheight^ 23a-'231 

rating  table ^ 231 

Red  Bluff,  Cal. 

Antelope  Creek  near: 

discharge ls2 

Sacramento  River  near: 

description 11&-U9 

discharge lly 

discharge,  monthly 122 

gage  heights rju 

rating  table 121 

Reed  Creek  at— 

Rasasco  ranch.  Cal:: 

discharge. . . : IM 

Rialto  canal  in— 

Santa  Ana  River  basin,  Cal.: 

discharge 87.  »* 

Rincon,  Cal. 

Chino  Creek  near: 

discharge 94 

Rio  Hondo  in—  " 

San  Gabriel  River  basin,  Cal.: 

discharge M 

Rivera,  Cal. 

Arroyo  ditch  at: 

discharge 86 

Rio  Hondo  near: 

discharge M 

San  Gabriel  River  at: 

discharge M 

Rock  Creek  near- 
Round  Valley,  Cal.: 

description 204 

discharge '2sA 

discharge,  monthly 2U7 

gage  heights 205-'.X)6 

ratingtable 306 

Rose  ranch  at— 
Yuma,  Ariz.: 

duty  of  water 45 

Round  Valley,  Cal. 
Horton  Creek  at: 

dis<»harge 261 
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KouTid  Valley,  Cal. — Continued.  Page. 

Owens  River  near: 

c1ei«cription 200 

diwhanpe 201 

discharge,  monthly 208 

gage  heights 202 

rating  table 203 

Pine  Creek  near: 

description 207 

discharge 208 

discharge,  monthly 210 

gage  heighti< 208-209 

rating  table 210 

Rock  Creek  near: 

description 204 

diacharge 204 

di9charge.  monthly 207 

gage  heights 206-206 

ratingtable 206 

Ru9h  Creek  at: 

diivharge 182 

Rniz  Creek  in— 

Santa  Ynez  River  basin,  Cal.: 

discharge 77 

Rush  Oeek  at— 

Round  Valley.  Cal.: 

discharge 182 

Rii»iftn  River  at— 

Healdsbuig.  Cal.: 

discharge 196 

S. 

Sacramento,  Cal. 

i>Acramento  River  at: 

gage  heights 146-147 

turbidity  record 147 

i^cramento  River  at  and  near — 
Bards  station.  California: 

discharge 181 

Kedbluff,  Cal.: 

description 118-119 

discharge 119 

dLscharge.  monthly 122 

gage  heights 120 

ratingtable 121 

Bacramento.  Cal.: 

gage  heights 146-147 

turbidity  record 147 

Sacramento  River  drainage: 

miscellaneous  meaaurementA  on  creeks 

and  canals 181-182 

Salmon  Creek,  California,  at— 
mouth: 

discharge 188 

San  Antonio  Creek — 

at  division  point,  CaliXomia: 

weir  measurements 95 

in  Santa  Ana  River  basin,  California: 

discharge 86-87 

San  Antonio  tunnel  at — 
the  Portal,  California: 

discharge 96 

Stn  Benito  River  near— 
Hollister,  Cal.: 

discharge 196 

San  Bernardino  Valley,  California: 

return  waters 102-103 

IRR  1:14—05 18 


San  Dimas  (^reek  in—  Page. 

Han  Gabriel  River  basin,  Cal.: 

discharge H'2 

San  Franciw-o  Bay  drainage  basin: 

description 103-106 

miscellaneous  measurements  on  rivers, 

creek«*.  canals,  and  ditches. . .  181-1.»'8 
San  Francisciui to  Creek  in— 

Santa  Clara  River  bn.sin,  Cal.: 

discharge 7ft 

San  Gabriel  canals  near — 
AzusH.  Cal.: 

description 62 

dls<'harge 63 

disc*harge,  mean  daily 64 

dis<'harge,  monthly 66 

San  Gabriel  River  at  and  near— 
Alamitos,  Cal.: 

discharge 84 

Azusa,  Cal.: 

des<Tiption 62 

discharge 63 

discharge,  monthly 65 

gage  heights 63 

rating  table 64 

Elmonte,  Cal.: 

discharge 83-84 

Rivera.  Cal.: 

dis<'harge 84 

Studebaker,  Cal.: 

discharge _ 84 

San  Gabriel  River  drainage  basin: 

miscellan(H)us  measurements  on  rivers, 

creelts,  and  ditches  in 81-86 

San  Joaquin  River,  California— 
at  Herndon,  Cal.: 

description 16.'>-196 

gage  heights 166 

below  mouth  of  Chiquila  San  Joaquin: 

diH<.>harge 186 

Kan  Joaquin  River  drainage: 

mi.«*celIaneous  measurements  on  rivers 

and  ditches 185 

San  Jo**e  Cret^lt  in — 

San  (tabriel  River  basin,  California: 

discharge 84 

San  -Luis  Rev  River  at  and  near- 
dam  site,  Warner's  ranch  reservoir,  Cali- 
fornia: 

discharge 78 

head  of  Ks<;ondido  canal: 

discharge 78 

Pala,  Cal.: 

description 65-66 

discharge 78 

gage  heights 66 

San  Luis  Rev  River  drainage: 

miscellaneous  measurements  on  rivers 

and  canals 78 

Sanger,  Cal. 

King  River  near: 

description 167 

dis<'harge Iti7 

discharKe,  monthly 169 

gage  heights ItiM 

rating  table 168 

Newhall  diich  near: 

disc-harge 75 


274 


INDEX. 


Sanger  canal  at —  Page. 

Alvord,  Cal.: 

description 240-241 

discharge 24 1 

gage  height}* 24;-24*2 

Santa  Ana  River  at  and  near- 
Men  tone.  Cal.: 

description 67 

discharge CA 

discharge,  monthly G9 

rating  table 69 

miscellaneous  points: 

discharge 92-93 

Yorba,  Cal.: 

di.scharge 93 

Santa  Ana  River  drainage,  ('alififmin: 

miscellaneous  measurements «  n  rivers, 

creeks,  canals,  and  dit<'ljcs 86-94 

return  M'aters 97-101 

Santa  Anita X^'reek  in— 

San  Gabriel  River  Iwsin,  California: 

discharge 82, «J 

Santa  Barbiim,  Cal. 

Santa  Ynez  River  near: 

description 51 

di.scliarge 52-5-1 

discharge,  monthly 65 

gage  heights 54 

rating  table 55 

Santa  Clara  River  basin,  California: 

miK'ellaneoiis  measurements  on  rivers, 

creeks,  canals,  and  ditches 75-77 

Piru  Creek  in: 

discharge -    76 

Sespe  Creek  and  canal  in: 

dischargi' 77 

Santa  Maria,  Cal. 

Santa  Maria  River  nenr: 

description 70 

discharge 70 

discharge,  monthly 72 

gage  heights 71 

rating  table 71 

Santa  Maria  River  near- 
Santa  Maria.  Cal.: 

description 70 

d  i.vcharge 70 

discharge,  monthly 72 

gage  heights 71 

rating  table 71 

Santa  Maria  River  drainage: 

miscellaneou«<  measurements  on  rivers.        74 
."^anta  Paula,  Cal. 

.•<anta  Clara  River  and  ditche>  near: 

discharge 7.V-76 

Santa  I^aula  Creek  at  and  near: 

discharge 77 

Santa  Paula  Creek  at' and  near- 
Santa  Paula,  Cal.: 

discharge 77 

Santa  Ynez  River  near- 
Santa  Barbara,  Cal.: 

deM-ripiioii .'^I 

di-cliarire 52-">4 

di^cliuri:*'.  nioiiihly .'vj 

K'lirc  Iieijrht» .'>4 

rutiiiK  talile .V 

Santa  Viie/  l\i\er  <iiaitiii^:e: 

mi"<cellaiU'ou>  measiiTeii,sM»l».(in  cretk*'.         77 


Schell  ditch  at—  Page. 

Knights  Ferry,  Cal.: 

discharge iss 

Seabright,  Cal. 

Los  Angeles  River  near: 

discharge 75 

Sequoia.  Cal. 

Tuolumne  River  (Middle  Fork)  near: 

discharge im 

Tuolumne  River  (South  Fork)  near: 

discharge im 

Sequoia  Park,  Cal. 

Kaweah  River  (Marble  Fork)  In: 

discharge ihT 

Sespe  Creek  and  canal  in — 

Santa  Clara  River  ba.<;in,  California: 

di.«charge 77 

Shepherd  Creek  at— 
Independence.  Cal.: 

discharge 26i>,  261 

Sickler's  canal  at — 

Sickler's  ranch,  California: 

discharge 78 

Sisquoc  River  at — 

SLsquoc  ranch,  California: 

d  i  scha  rge 74 

Smarts  ville,  Cal. 
Yuba  River  near: 

description 140-141 

dischai^c 141 

discharge,  monthly 1 43 

gage  height.-* 112 

rating  table U3 

Sixla  Creek,  California,  above- 
Mouth: 

di-^'harge K 

Soledad,  Cal. 

Arroyo  Seoo  near- 
description  4> 

di.scharge 49 

diM'harge,  monthly mi 

gage  heights 4y 

rating  table .V» 

South  Hillside  canal  near- 
Bishop,  Cal.: 

description -j-Vs 

discharge 'I'xi 

discliarge,  monthly I'Vi 

gage  heights JM 

rating  table 2  *4 

.Siuthern  California  drainage: 

deM-ription 47-4'» 

Sprague  River  near— 
Yainax.  Oreg.: 

gage  heights i«ji'» 

Stand ish.  Cal. 

Willow  Creek  at: 

discharge 2  >9 

Stanford  canal  near— 
Vina.  Cal.: 

di-cliarge 1*^1 

Stanislaus  River  at— 
Knights  Ferry.  Cal.: 

description 151-l.".2 

discharge 1"2 

discharge,  monthly ?'. i 

KMge  heisihts 1  ■ 

1. 1 tint'  table 1^? 
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StMDi«Iatui  River  drainage:  Pak^. 

miscellaneous  measurements  on  ditchefi     1K3 
9uni«laus  Water  Company's  ditch  at— 
KnightM  Ferrj',  Cal.: 

description 154 

discharge 155, 183 

gage  heights 155 

intingtablc 166 

Stevens  canal  near — 
Citrus.  Cal.: 

de}<cription 245 

discharge 246 

discharge,  monthly 248 

gage  heights 246-247 

rating  table 247-248 

Stony  Creek,  California— 
in  Kaweah  River  basin: 

discharge 1« 

near  Fruto,  Cal.: 

description 116 

discharge 116 

discharge,  monthly 118 

gage  heights 117 

rating  table 117 

Studebaker,  Cal. 

San  Gabriel  River  at: 

disehan^e 84 

gummerdale.  Cal. 
Big  Creek  at: 

dischArge 185 

Sunot.  C«l. 

Arroyo  Hondo  near: 

discharge 181 

Su«an  River  near— 
Su9«nvil]e.  Cal.: 

description 197 

discharge 197 

discharge,  monthly J98 

gage  heigh  t« 198 

SosanviDe.  Cal. 

BuMin  River  near: 

description 197 

discharge 197 

discharge,  monthly 198 

gage  heights 198 

Willow  Creek  at: 

discharge 269 

T. 
Table  Rock,  Cal, 

Little  Shasta  River  at: 

discharge 195 

Tabooee  Creek  at— 

Black  Rock.  Cal.:  ' 

discharge 260,261 

Teliama.  Cal. 

Mill  Creek  near: 

d  Lscba  rgc 1^2 

Tenaya  Creek  at— 

Yi«emite  Valley.  California: 

dewriplion 179-184  ' 

discharge 179 

gage  heights 180 

Tbret  Rivers,  Cal. 

Kaweah  River  below : 

description 170-171 

discharge 171 

discharge,  monthly 173 

gage  heights 172 


Three  Rivers,  Cal.— Continued.  Page. 

Kaweah  River  below — Continued. 

rating  table 172 

Kaweah  River  (North  Fork)  above: 

diwharge 186 

Tlltlll  Creek  in— 

Hetch  Hetchy  Valley.  California: 

di«<'httrge 184 

Tinemaha  Cn*ek  at— 
Fish  Springs.  Cal.: 

discharge 26,261 

Tobias  Cn-^k.  California: 
at  mouth: 

discharge 1^8 

Trail  Creek  in— 

Santa  Ynez  River  basin,  ('al.: 

dis4'harge 77 

Triurafo  Creek  near — 
CalabasHs.  Cal.: 

dettcription 5h-59 

discharge,  monthly 62 

gage  heights 61 

rating  table 61 

Tnle  Lake  near- 
Merrill,  Oreg.: 

gage  heights 194 

Tnle  River  neiir — 
Porters viUe,  Cal.: 

'*         description '. 173 

discharge 174 

dischiirge.  monthly 175 

gage  heights 174 

rating  table 175 

Tnle  River  (South  Fork),  California,  near- 
mouth: 

di.-charge 187 

Tnle  River  drainage: 

miflcellanec»us  measurements  on  rivers,      187 
Tuolumne  River  at— 
Lagrange,  Cal.: 

description 156 

discharge 157 

discharge,  monthly 158 

gage  heights 157 

rating  table 158 

in  Hetch  Hetchy  Valley,  Cal.: 

discharge 184 

Tuolumne  River  (Mid'lle  Fork)  near — 
Sequoia,  Cal.: 

diMoharge 184 

Tuolumne  River  (North  Fork)  at>ove — 
Basin  Slopi'  Creek.  Culifornia: 

discharge 181 

Tuolumne  River  (South  Fork)  ii?ar— 
Sequoia,  Cal.: 

diwharge * 184 

Tuolumne  River  drainage: 

miscellaneous  measurements  on  river<, 

creeks,  and  ditches 184 

TurlcK'k  canal  at — 
Lagrange,  ('al.: 

description 159 

discharge 159 

discharge,  monthly 15K 

gage  heights 160 

rating  table h>0-161 

Tuttle  Creek  at— 
Lone  Pine,  Cal.: 

di.vcharge '2a\  2<il 
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Twoinile  Creek,  Cal.,  at—  Pa^e. 

mouth: 

discharge 184 

r. 

Upper  Klamath  Lake  near- 
Pol  iean,  Oreg.: 

gage  heightH 198 

V. 
Vrtiice,  Cal. 

Mad  River  at: 

discharge 195 

Ventura  River  near — 

Ventura,  Cal.: 

diHcharge 74 

Ventura  River  drainage: 

miscellaneous  measurements  on  rivers 

and  canals 71 

Victorville,  Cal. 

Mohave  River  at: 

det^cription 72 

discharge 73 

discharge,  monthly 74 

Vina,  Cal. 

Deer  Creek  near: 

discharge 1^2 

Stanford  canal  near: 

discharge 181 

VV. 

Wade  Creek.  California: 

discharge 188 

West  Twin  Creek  in— 

Santa  Ana  River  basin,  California: 

discharge «« 

*Vesl  Valley  Creek  near- 
Likely.  Cal.: 

description 123-124 

discharge 124 

gage  heights 125 

Wheatland,  Cal. 

Bear  River  above: 

deM'ription 144 

discharge 144 

gage  heights 145 

Whcatville.  Cal. 

Crescent  canal  near: 

discharge 186 

Williamson  River  in— 
Klamath  River  basin: 

discharge 1 95 

Willow  Creek  at  nnd  near— 
Adin,  Cal.: 

discharge 182 

Merrillville.rf'al.: 

description 199 

discharge 199 

discharge,  monthly 200 

gage  heights 199-200 

Susan vi lie,  Cal.: 

discharge 259 

Standish.  Cal.: 

discharge 2.S9 

Willow  Creek  drainage; 

miscellaneous  measurements  on  creeks.      259 


Wood  River  at—  Page. . 

Fort  Klamath.  Oreg.: 

d  isc  h  arge , 195 

Workman,  Cal. 

Rio  Hondo  near: 

discharge 84 

Y. 

Yainax,  Oreg. 

Sprague  River  near: 

gage  heigh  Is 196 

Yolo,  Cal. 

Cache  Creek  near: 

description 113 

discharge 113 

discharge,  monthly 115 

gAgc  heights 1 14 

rating  table 115 

Yorba,  Cal. 

Santa  Ana  River  near: 

discharge 98 

Y<jsemite  Creek  at— 

Yosemite  Valley,  California: 

description 180 

discharge 180. 1M-1H5 

gage  heights isi 

Yosemite  Valley,  California: 

description  of  stations  in 177-178 

miscellaneous      mea.surements      on 
creeks 184-iHr, 

Merced  River  in: 

description 17^ 

discharge 171 

gage  heights 179 

Tenaya  Creek  at: 

description 179 

discharge 179 

gage  heights IHO 

Yosemite  Creek  at: 

description IflD 

discharge IW 

gage  heights 181 

Yuba  River  near— 

Smartsville.  Cal.: 

description 140-141 

discharge 141 

discharge,  monthly 143 

gage  heights 142 

rating  table 143 

Yuma,  Ariz. 

Colorado  River  at: 

description 20-21 

discharge 21-24 

discharge,  monthly 25 

evaporation 26 

gage  heights 25 

Colorado  Valley  Pumping  and  Irriga- 
tion Company's  canal  at: 

cost  of  pumping 4S 

duty  of  water 42-11,45 

seepage  loss 47 

I^aselle  ranch  at: 

duty  ol  water 44 

Rose  ranch  at: 

duty  of  water 45 
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PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 

[Water-supply  Paper  No.  I'M.] 

TliF  publications  of  the  Uniteil  States  Geological  Survey  consist  of  (1)  Annual 
Reports;  (2)  Monographn;  (3)  Professional  Papers;  (4)  Bulletins;  (o)  Mineral 
Resources;  (6)  Water-Supply  and  Irrigation  Paj>ers;  (7)  Topographic  Atlas  of 
I'nited  States,  folios  and  separate  sheets  thereof;  (8)  <ieologic  Atlas  of  United 
States,  folios  thereof.  The  classes  numl)ere<l  2,  7,  and  8  are  sold  at  cost  of  publica- 
tion; the  others  are  distributed  free.  A  •t'ircular  giving  complete  lists  may  be  had 
on  application. 

M<*st  of  the  above  publications  may  l>e  obtainetl  or  oonsulte<l  in  the  following 
wavs: 

1.  A  limitetl  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  lie  obtaine<l,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  Every  meml)er  of  Congress  is  aIIotte<l  a  certain  numl)er,  from  whom  they  may 
be  obtainefl,  free  of  charge,  on  application. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  l>e  had  at  prai'tically  cost. 

4.  Copies  of  all  Government  publications  are  furnishe<l  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be 
consulte<l  bv  those  intereste<l. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Hydrographic  Branch, 
WdshingtoTif  D,  C,  May  17 ,  1905. 
Sir:  I  transmit  herewith  the  manuscript  of  Part  XII  of  a  series  of 
twelve  papers  which  compose  the  Report  of  Progress  of  Stream 
Measurements  for  the  Calendar  Year  1904.  Parts  I  to  VI  of  this 
report  contain  the  results  of  the  data  collected  in  the  territory  east 
of  Mississippi  River.  Parts  VII  to  XII  are  devoted  to  the  data 
collected  in  the  territory  west  of  Mississippi  River. 

The  data  for  this  paper  were  collected  imder  the  direction  of  T.  A. 
Noble,  D.  W.  Ross,  and  J.  T.  Whistler.  Mr.  Noble  had  charge  of  the 
work  in  Washington,  and  was  assisted  by  G.  H.  Bliss,  G.  F.  Harley, 
and  W.  G.  Steward.  Mr.  Ross  had  charge  of  the  work  in  Idaho  and 
w^as  assisted  by  Robert  Stockton  and  J.  B.  Bond.  Mr.  Whistler  had 
chaise  of  the  work  in  Oregon  and  was  assisted  by  W.  C.  Sawyer  and 
J.  H.  Lewis. 

The  assembling  of  the  data  and  the  preparation  for  publication 
were  done  under  the  direction  of  John  C.  Hoyt,  who  has  been  assisted 
by  R.  H.  Bolster,  Robert  Follansbee,  Willis  E.  Hall,  G.  F.  Harley, 
A.  H.  Horton,  and  H.  D.  Padget. 

I  request  that  this  manuscript  be  published  as  one  of  the  series  of 
water-supply  and  hrigation  papers. 
Very  respectfully, 

F.  H.  Newell,  Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeological  Survey. 
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PROGRESS  REPORT  OF  STREAM   MEASUREMENTS 

FOR  THE  CALENDAR  YEAR  1904. 


Pj^RT  XII. 


By  D.  W.  Ross,  J.  T.  Whistler,  and  T.  A.  Noble. 


rNTRODUCTION. 

The  hydrographic  work  of  the  United  States  Greological  Survey 
includes  the  collection  of  facts  concerning,  and  the  study  of  conditions 
affecting,  the  behavior  of  water  from  the  time  it  reaches  the  earth  as 
rain  or  snow  until  it  joins  the  oceans  or  great  navigable  rivers.  These 
investigations  became  a  distinct  feature  of  the  work  of  the  Survey  in 
the  fall  of  1888,  when  an  instruction  camp  was  established  at  Embudo. 
K.  Mex.  Since  that  date  the  work  has  been  continually  and  gradually 
extended  as  larger  funds  became  available.  The  first  distinctive 
appropriation  for  gaging  streams  was  made  by  the  act  of  August  18, 
1894,  which  contained  an  item  of  $12,500  "for  gaging  the  streams 
and  determining  the  water  supply  of  the  United  States,  including  the 
investigation  of  underground  currents  and  artesian  wells  in  the  arid 
and  semiarid  sections/'     (Digest  of  Appropriations  for  1895,  p.  270.) 

Since  that  time  a  similar  act  has  been  passed  each  year  and  the 
appropriations  have  gradually  increased,  as  shown  in  the  foUowing 
table: 

Annucd  appropriaturM  for  hydrographic  surveys. 

Year  ending  June  30, 1895 $12,500 

Year  ending  June  30, 1896 25,000 

Year  ending  June  30, 1807 50,000 

Year  ending  June  30,  1808 50,000 

Year  ending  June  30, 1899 50,000 

Year  ending  June  30,  1900 60,000 

Year  ending  June  30, 1901 100,000 

Year  ending  June  30, 1902 100,000 

Year  ending  June  30,  1903 200,000 

Year  ending  June  30, 1904 200,000 

Year  ending  June  30, 1905 200,000 

Year  ending  June  30, 1908 200,000 
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The  chief  feature  of  the  work  of  the  hydrographic  division  is  the 
systematic  study  of  the  flow  of  the  surface  w^aters  and  the  conditions 
affecting  the  same.  In  this  connection  other  information  that  may  be 
of  use  to  the  engineer  or  others  in  hydrographic  studies,  such  as  river 
profiles,  duration  and  extent  of  damage  by  floods,  water-power  data, 
etc.,  is  collected.  Furthermore,  the  work  has  been  so  directed  that 
the  information  collected  will  be  of  direct  value  in  the  commercial  and 
agricultural  development  of  the  country. 

As  a  result  of  the  increased  appropriations  since  June  30,  1902,  the 
work  has  been  largely  extended  and  thoroughly  systemized.  The 
various  States  have  been  grouped  into  districts,  each  of  which  is  under 
the  supervision  of  a  district  hydrographer  w^ho,  with  a  corps  of  assist- 
ants, devotes  his  whole  timi?  to  the  study  of  the  hydrographic  resources 
of  his  district. 

The  methods  used  in  the  collection  of  these  data  and  in  their  prepa- 
ration for  publication  are  given  in  detail  in  Water-Supply  Paper  No. 
94.     (Hydrographic  Manual,  U.  S.  Geol.  Survey.) 

The  general  plan  of  stream  gaging  which  has  been  developed  is  to 
obtain  eventually  data  in  regard  to  the  flow  of  all  the  important 
streams  in  the  United  States.  With  this  in  view,  gaging  stations  are 
established  at  points  where  the  data  will  be  of  greatest  commercial 
value.  At  these  stations  discharge  measurements  are  taken  from 
time  to  time  at  typical  river  stages,  and  the  daily  surface  fluctuation 
is  obtained  by  means  of  gage  readings.  From  these  two  factors  it  is 
possible  to  estimate  both  the  total  flow  and  its  distribution  through 
the  period  of  observation. 

The  selection  of  the  site  for  a  gaging  station  and  the  length  of  time 
the  station  is  maintained  depend  largely  upon  the  needs  of  each  local- 
ity. If  the  stream  is  to  be  used  for  water  power,  special  efforts  are 
made  to  obtain  information  concerning  the  low-water  flow.  If  water 
is  to  be  stored,  the  high  waters  are  given  special  attention.  In  all  sec- 
tions certain  permanent  stations  are  maintained  for  general  statistical 
purposes  to  show  the  conditions  which  exist  through  long  periods. 
They  also  act  as  primary  stations,  and  are  used  in  connection  with 
short  series  of  measurements  to  determine  the  flow  in  particular 
portions  of  the  drainage  basin. 

Gaging  stations  are  divided  into  two  general  classes:  First,  cur- 
rent-meter stations,  and  second,  weir  stations.  The  former  class  is 
subdivided  as  to  location  into  bridge,  cable,  boat,  and  wading  stations. 
Fig.  1  shows  a  cable  station  with  car,  tag  line,  inclined  gage,  etc.  In 
addition  to  the  bridge,  cable,  or  boat,  the  equipment  of  a  current- 
meter  gaging  station  consists  in  a  gage  for  determining  the  daily  fluc- 
tuations of  the  water  surface,  bench  marks  to  which  the  zero  of  the 
gage  is  referred,  and  permanent  marks  on  the  bridge  or  a  tagged  line 
indicating  the  points  of  measurement.     Where  the  current  is  swift 
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some  appliance,  generally  a  secondary  cable,  is  necessary  to  hold  the 
meter  below  the  surface. 

Gaging  stations  are  generally  located  at  bridges,  if  the  channel  con- 
ditions are  satisfactory,  as  from  them  the  meter  can  be  easily  manipu- 
lated and  the  cost  of  the  equipment  is  comparatively  small.  The 
stations  are  located  as  far  as  possible  at  points  where  the  channel  is 
straight,  both  above  and  below  the  gaging  section,  and  where  there 
are  no  cross  currents,  backwater,  or  boils.  The  bed  of  the  stream 
should  be  as  clear  as  possible  from  large  projections  and  of  a  perma- 
nent character.  The  banks  should  be  high,  and  should  overflow  at 
high  stage.s  only.  At  stations  with  shifting  beds  more  measurements 
are  made,  and  special  methods  of  computing  daily  discharges  are 
employed.  Great  care  is  taken  in  the  selection  and  equipment  of 
gaging  stations,  in  order  that  the  data  may  have  the  required  degree 
of  accuracy. 

On  many  of  the  larger  rivers,  where  water  power  is  developed  by 
dams,  estimates  of  flow  are  obtained  by  observing  the  head  on  the 
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crest  and  using  a  weir  formula.  On  the  smaller  streams  sharp-crested 
weirs  are  in  some  rases  erected. 

The  principal  instrument  used  in  stream-measurement  work  is  the 
current  meter,  by  which  the  velocity  of  the  flow  of  water  is  deter- 
mined. After  years  of  experience  the  Survey  has  adopted  the  Price 
current  meter  for  general  work.  This  meter,  as  is  shown  on  PI.  II,  is 
made  in  two  sizes,  known  as  the  lai^e  and  small  Price.  The  small 
Price  has  been  largely  developed  by  the  officers  of  the  Survey,  using 
the  Price  acoustic  meter  as  a  basis. 

A  discharge  measurement  is  the  determination  of  the  quantity  of 
water  flowing  past  a  certain  point  at  a  given  time.  This  quantity  is 
the  product  of  two  factors:  (1)  The  mean  velocity,  wliich  is  the  func- 
tion of  the  cross  section,  surface  slope,  wetted  perimeter,  and  rough- 
ness of  bed;  (2)  the  area,  which  depends  upon  the  permanency  of  the 
bed  and  the  fluctuations  of  the  surface,  which  govern  the  depth. 
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In  makmg  the  measurement  an  arbitrary  number  of  points  are  laid 
oflF  perpendicular  to  the  thread  of  the  stream  (see  fig.  1).  These  points 
are  usually  at  regular  intervals  varying  from  2  to  20  feet,  depending 
upon  the  size  and  conditions  of  the  stream.  They  are  known  as 
measuring  points,  and  at  them  the  observed  data,  the  velocities  and 
soundings,  are  taken.  The  perpendiculars  dropped  from  the  measur- 
ing points  divide  the  gaging  section  into  strips,  and  for  each  strip  or 
pair  of  strips  the  mean  velocity,  area,  and  discharge  are  determined 
independently;  thus  conditions  existing  in  one  part  of  the  stream  are 
not  distributed  to  parts  where  they  do  not  apply. 

The  methods  of  obtaining  velocity  with  the  current  meters  which 
are  in  general  use  may  be  grouped  into  three  classes:  Single  point, 
multiple  point,  and  integration. 

The  single-point  method  consists  in  holding  the  meter  either  at  the 
depth  of  the  thread  of  mean  velocity  or  at  an  arbitrary  depth  for 
which  the  coefficient  for  reducing  to  mean  velocity  has  been  deter- 
mined. Extensive  experiments  by  vertical  velocity-curves  show  that 
the  thread  of  mean  velocity  lies  at  from  0.5  to  0.7  of  the  total  depth. 
In  general  practice  the  thread  of  mean  velocity  is  considered  to  be  at 
0.6  depth,  and  it  is  at  this  depth  that  the  meter  is  held  in  the  majority 
of  the  measurements,  this  being  known  as  the  six-tenths  depth 
method.  It  is  found  by  a  large  number  of  vertical  velocity-curve 
measurements,  taken  on  various  streams  and  under  various  condi- 
tions, that  the  coefficient  for  reducing  the  velocity  obtained  at  six- 
tenths  depth  to  mean  velocity  is  practically  unity,  ranging,  in  a  series 
of  910  measurements  made  at  39  gaging  stations,  between  .94  and 
1.04,  with  a  mean  for  the  910  observations  of  1.00.  In  the  other 
principal  single-point  method  the  meter  is  held  near  the  surface, 
usually  1  foot  below,  or  low  enough  to  be  out  of  the  action  of  the 
wind  or  other  disturbing  influences.  This  is  known  as  the  sub- 
surface method.  The  coefficient  for  reducing  the  velocities  taken  at 
the  subsurface  has  been  found  by  repeated  experiments  with  vertical 
velocity-curves  to  be  from  .85  to  .95,  depending  upon  the  depth 
of  the  stream  and  velocity  and  channel  conditions.  This  method 
is  specially  adapted  for  flood  measurements  or  when  the  velocity 
is  so  great  that  the  meter  can  not  be  kept  at  0.6  depth. 

The  three  principal  multiple-point  methods  in  general  use  are :  The 
vertical  velocity  curve;  top  and  bottom;  and  top,  bottom,  and  mid 
depth.  In  the  vertical  velocity-curve  method  a  series  of  velocity 
determinations  are  taken  in  the  vertical  at  regular  intervals,  usually 
from  0.5  to  1  foot  apart.  By  plotting  these  velocities  as  abscissas  and 
their  depths  as  ordinates,  and  drawing  a  smooth  curve  through  these 
points,  the  vertical  velocity-curve  is  produced,  which  shows  the 
change  in  velocity  from  the  surface  to  the  bottom  of  the  stream.  The 
mean  velocity  in  the  vertical  is  then  obtained  by  dividing  the  depth 
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into  the  area  bounded  by  this  mean  velocity-curve  and  the  initial 
line.  Owing  to  the  length  of  time  it  takes  to  make  these  measure- 
ments, they  are  seldom  used  except  for  determining  coefficients  for 
purposes  of  comparison  an(}  for  measurements  under  ice. 

In  the  second  multiple-point  method  the  meter  is  held  from  0.5  to  1 
foot  below  the  surface  and  about  0.5  foot, above  the  bottom,  and  the 
mean  of  the  velocities  at  these  two  points  is  taken  as  the  mean  velocity 
for  that  vertical.  This  method  is  not  well  adapted  for  general  work, 
as  the  roughness  of  the  bottom  disturbs  the  velocity  at  that  point. 
For  shallow  streams  with  comparatively  smooth  beds  good  results  are 
obtained  by  this  method.  In  the  third  multiple-point  method  the 
meter  is  held  at  mid  depth,  0.5  foot  below  the  surface,  and  0.5  foot 
above  the  bottom,  and  the  mean  velocity  is  determined  by  dividing 
the  sum  of  the  top  velocity,  twice  the  mid-depth  velocity,  and  the 
bottom  velocity  by  4. 

The  vertical-integration  method  consists  in  moving  the  meter  at  a 
slow,  uniform  speed  from  the  surface  to  the  bottom  and  back  again  to 
the  surface.  The  number  of  revolutions  and  the  time  taken  in  the 
operation  is  noted,  and  the  mean  velocity  is  found  by  dividing  the 
number  of  revolutions  by  the  number  of  seconds  taken  in  the  run. 
This  method  has  the  advantage  in  that  the  velocity  at  each  point  of 
the  vertical  is  measured  twice.  It  is  well  adapted  for  measurements 
under  ice  and  as  a  check  on  the  point  methods. 

The  area,  which  is  the  other  factor  for  determining  the  discharge  of 
the  stream,  depends  upon  the  stage  of  the  river,  which  is  taken  on  a 
gage,  and  the  general  contour  of  the  bed  of  the  stream,  which  is  found 
by  sounding.  The  soundings  are  usuaUy  taken  at  each  measuring 
point  at  the  time  of  the  discharge  measurement,  either  by  using  the 
meter  and  cable  or  by  a  special  sounding  line  or  rod.  For  stations 
with  permanent  beds  standard  cross  sections  are  usually  taken  dur- 
ing low  water.  These  sections  serve  to  check  the  soundings  which  are 
taken  at  the  time  of  the  measurements,  and  from  them  any  change 
which  may  have  taken  place  in  the  bed  of  the  stream  can  be  detected. 
They  are  also  used  for  obtaining  the  area  for  use  in  high-water  meas- 
urement computations,  as  accurate  soundings  are  hard  to  obtain  at 
high  stages. 

In  computing  the  discharge  measurements  from  the  observed  veloc- 
ities and  depths  at  the  various  points  of  measurements  the  measuring 
section  is  divided  into  elementary  strips,  as  shown  in  fig.  1,  and  the 
mean  velocity,  area,  and  discharge  are  determined  separately  for 
either  a  single  or  double  strip.  The  total  discharge  and  area  are  the 
sums  of  those  for  the  various  strips,  and  the  mean  velocity  is  obtained 
by  dividing  the  total  discharge  by  the  total  area. 

The  volume  of  water  flowing  in  a  stream  is  known  as  run-off.  In 
expressing  it  various  units  are  used,  depending  upon  the  kind  of  work 
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for  which  the  data  are  needed.  Those  used  in  this  report  are  "second- 
feet,"  "acre-feet,"  "run-off  per  square  nule,"  and  "run-oflF  m  depth 
in  inches,"  and  may  be  defined  as  follows: 

"Second-foot"  is  an  abbreviation  for  cubic  foot  per  second,  and  is 
the  body  of  water  flowing  in  a  stream  1  foot  wide,  1  foot  deep,  at  a 
rate  of  1  foot  per  second. 

The  "acre-foot"  is  the  unit  of  capacity  used  in  connection  with  stor- 
age for  irrigation  work,  and  is  equivalent  to  43,560  cubic  feet.  It  is 
the  quantity  required  to  cover  an  acre  to  a  depth  of  1  foot.  There  is  a 
convenient  relation  between  the  second-foot  and  the  acre-foot;  1 
second-foot  flowing  for  twenty-four  hours  will  deliver  86,400  cubic 
feet,  which  equals  1.9835  acre-feet,  or  approximately  2  acre-feet. 

The  expression  "second-feet  per  square  mile"  means  the  number 
of  cubic  feet  of  water  flowing  each  second  from  every  square  mile  of 
drainage  area  on  the  assumption  that  the  run-off  is  uniformly 
distributed. 

"Depth  in  inches"  means  the  depth  of  water  in  inches  that  would 
have  covered  the  drainage  area,  uniformly  distributed,  if  all  the  water 
could  have  accumulated  on  the  surface.  This  quantity  is  used  for 
comparing  run-off  with  rainfall,  which  quantity  is  usually  given  in 
depth  in  inches. 

It  should  be  noticed  that  "acre-feet"  and  "depth  in  inches"  repre- 
sent the  actual  quantities  of  water  which  are  produced  during  the 
periods  in  question,  while  "second-feet,"  on  the  contrary,  is  merely  a 
rate  of  flow,  per  second. 

The  base  data  for  computing  the  daily  discharge  of  a  stream  are 
the  daily  gage  heights,  and  the  various  discharge  measurements  of 
which  there  should  be  suflScient  number  to  cover  the  range  of  stage. 
The  fundamental  laws  upon  which  these  computations  are  based  are 
the  following: 

(1)  The  discharge  will  remain  constant  so  long  as  the  conditions  at 
or  near  the  gaging  station  remain  constant; 

(2)  Neglecting  the  change  of  slope  due  to  the  rise  and  fall  of  the 
stream,  the  discharge  will  be  the  same  whenever  the  stream  is  at  a 
given  stage;  and 

(3)  The  discharge  is  both  a  function  of,  and  increases  gradually 
with,  the  gage  heights.      (2  and  3  depend  on  1.) 

As  the  beds  of  many  streams  are  changeable,  the  problem  divides 
itself  into  two  classes:  (1)  Those  of  streams  with  permanent  or  prac- 
tically permanent  beds,  and  (2)  those  of  streams  with  changeable 
beds.  The  base  data  and  methods  of  obtaining  them  are  the  same 
for  either  class,  and  it  is  only  in  the  computation  of  the  mean  daUy 
flow  that  different  methods  are  necessary. 

In  determining  the  daily  discharge  of  streams  with  permanent  beds 
the  results  of  the  discharge  measurements  are  plotted  on  cross-section 


"Tk^SmlZ*']  introductiox.  17 

paper,  with  gage  heights  as  ordinates  and  discharges  as  abscissas. 
Through  these  points  a  smooth  curve  is  drawn,  which  shows  the  dis^ 
charge  for  any  gage  height,  and  from  which  a  rating  table  is  prepared. 
Aside  from  plotting  the  discharge,  the  mean  velocity  and  area  deter- 
mined for  each  discharge  measurement  are  plotted.  Through  these 
points  the  curves  of  mean  velocity  and  of  area  are  drawn,  and  the 
rating  curve  is  largely  determined  by  taking  the  product  of  the  mean 
velocity  and  the  area  at  various  stages  as  determined  by  these  curves. 
These  curves  of  mean  velocity  and  area  are  of  special  value  to  deter- 
mine the  location  of  the  rating  curve  for  stages  at  which  actual  dis- 
charge measurements  are  not  available  and  for  extending  the  discharge 
curve  outside  the  Umits  of  the  measurements.  In  the  preparation  of 
the  rating  table  the  discharge  for  each  tenth  or  half  tenth  on  the  gage 
is  found  from  the  curve.  The  first  and  second  differences  of  these 
discharges  are  then  taken  and  adjusted  according  to  the  law  that  they 
shall  either  be  constant  or  increasing,  never  decreasing.  The  dis- 
charges in  the  table  are  then  changed  in  accordance  with  these 
adjusted  differences.  In  making  up  the  station-rating  curve  the 
individual  discharge  measurements  and  the  conditions  under  which 
they  were  taken  are  carefully  studied  in  order  that  proper  weight 
shfdl  be  given  to  each  measurement.  Rating  curves  in  general  take 
the  form  of  a  parabola,  and  as  a  rule  the  high-water  portion  of  the 
curve  approaches  a  straight  line.  For  stations  of  permanent  char- 
acter the  results  of  the  measurements  from  year  to  year  should  be 
within  5  per  cent  of  the  curve,  with  the  exception  of  those  taken 
during  high  water,  when  the  probable  error  may  be  as  high  as  10  per 
cent. 

The  determination  of  the  daily  discharge  of  streams  with  change- 
able beds  is  difficult,  and  unless  frequent  discharge  measurements 
are  made  the  results  obtained  are  only  roughly  approximate.  For 
streams  with  continually  shifting  beds,  such  as  Colorado  River  and 
the  Rio  Grande,  discharge  measurements  are  made  every  two  or  three 
days,  and  the  discharges  for  the  intervening  days  are  obtained  by 
interpolation,  modified  by  the  gage  heights  for  these  days.  For  sta- 
tions with  beds  which  shift  slowly,  or  are  only  materially  changed 
during  floods,  station-rating  curves  and  tables  can  be  prepared  for  the 
periods  between  changes,  and  satisfactory  results  can  be  obtained  with 
two  or  three  measurements  a  month,  providmg  measurements  are 
taken  soon  after  the  changes  take  place. 

In  determining  the  flow  for  periods  when  the  streams  are  frozen, 
special  rating  curves  and  tables  have  to  be  prepared  from  measure- 
ments taken  under  these  conditions.  The  methods  of  constructing 
these  curves  and  tables  are  the  same  as  for  open  sections.  The  dis- 
charge measurements,  however,  are  either  taken  by  integration  in 
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verticals  or  by  the  vertical  velocity-curve  method,  as  sufficient  experi- 
ments have  not  been  made  on  ice-covered  streams  to  determine  the 
laws  which  govern  the  position  of  the  thread  of  mean  velocity. 

The  Report  of  Progress  of  Stream  Measurements  for  the  Calendar 
Year  1904,  of  which  this  is  Part  XII,  is  published  in  a  series  of  twelve 
Water-Supply  Papers,  Nos.  124-135,  inclusive,  under  the  following 
subtitles : 

Part  1.  Atlantic  coast  of  New  England  drainage. 

Part  2.  Hudson,  Passaic,  Raritan,  and  Delaware  River  drainages. 

Part  3.  Susquehanna,  Patapsco,  Potomac,  James,  Roanoke,  Cape  Fear,  and  Yadkin 
River  drainages. 

Part  4.  Santee,  Savannah,  Ogeechee,  Altamaha  rivers,  and  Eastern  Gulf  of  Mexico 
drainage. 

Part  5.  Eastern  Ifississippi  River  drainage. 

Part  6.  Great  Lakes  and  St.  Liawronce  River  drainage. 

Part  7.  Hudson  Bay,  Minnesota,  Wapsipinicon,  Iowa,  Des  Moines,  and  Missouri  River 
drainages. 

Part  8.  Platte,  Kansas,  Meramec,  Arkansas,  and  Red  River  drainages. 

Part  9.  Western  Gulf  of  Mexico  drainage. 

Part  10.  Colorado  River  and  Great  Basin  drainage. 

Part  11.  The  Great  Basin  and  Pacific  Ocean  drainage  in  California. 

Part  12.  Columbia  River  and  Puget  Sound  drainage. 

The  territory  covered  by  each  paper  is  given  in  the  subtitle,  and 
the  larger  drainages  are,  for  convenience  in  arrangement,  subdivided 
into  smaller  ones,  under  which  the  data  are  arranged,  as  far  as  prac- 
ticable, geographically. 

These  papers  contain  the  data  that  have  been  collected  at  the  reg- 
ular gaging  stations,  the  results  of  the  computations  based  upon  the 
observations,  and  such  other  information  that  has  been  collected  that 
has  a  direct  bearing  on  these  data,  including,  as  far  as  practicable, 
descriptions  of  the  drainage  areas  and  the  streams  draining  them. 

For  each  regular  station  are  given,  as  far  as  available,  the  following 
data: 

1.  Description  of  station. 

2.  List  of  discharge  measurements. 

3.  Gage-height  table. 

4.  Rating  table. 

5.  Table  of  estimated  monthly  and  yearly  discharges  and  run-oflf. 
The  descriptions  of  stations  give,  as  far  as  possible,  such  general 

facts  about  the  locality  and  equipment  as  would  enable  the  reader  to 
find  the  station  and  use  the  same.  They  also  give,  as  far  as  possible, 
a  complete  history  of  all  the  changes  that  have  occurred  since  the 
establishment  of  the  station  that  would  be  factors  in  using  the  data 
collected. 

The  discharge-measurement  table  gives  the  results  of  the  discharge 
measurements  made  during  the  year.     This  includes  the  date,  the 
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hydrographer's  name,  the  gage  height,  and  the  discharge  in  second- 
feet. 

The  table  of  daily  gage  heights  gives  for  each  day  the  mean  height 
of  the  surface  of  the  river  as  found  from  the  mean  of  the  gage  read- 
ings taken  on  that  day.  At  most  of  the  stations  the  gage  is  read  in 
the  morning  and  in  the  evening. 

The  rating  table  gives  discharges  in  second-feet  corresponding  to 
each  stage  of  the  river  as  given  by  the  gage  heights. 

In  the  table  of  estimated  run-off  the  column  headed  ''Maximum" 
gives  the  mean  flow  for  the  day  when  the  mean  gage  height  was  the 
highest,  and  it  is  the  flow  as  given  in  the  rating  table  for  that  mean 
gage  height.  As  the  gage  height  is  the  mean  for  the  day,  there  might 
have  been  short  periods  when  the  water  was  higher  and  the  corre- 
sponding discharge  larger  than  given  in  this  colimm.  Likewise  in  the 
column  of  "Minimum"  the  quantity  given  is  the  mean  flow  for  the 
day  when  the  mean  gage  height  was  lowest  The  column  headed 
''Mean"  gives  the  average  flow  for  each  second  during  the  month. 
Upon  this  mean  the  computations  for  the  three  remaining  columns 
which  are  defined  on  page  16  are  based. 

In  the  computations  for  the  tables  of  this  report  the  following  gen- 
eral and  special  rules  have  been  used : 

FundamenJtal  rviUsfor  computation. 

1 .  Tlie  highest  degree  of  precision  consistent  with  the  rational  use  of  time  and  money  is 
imperative. 

2.  All  items  of  computation  should,  in  general,  be  expressed  by  at  least  two  and  by  not 
more  than  four  significant  figures. 

3.  Any  measurement  in  a  vertical  velocity,  mean  velocity,  or  discharge  curve  whose  per 
cent  of  error  is  5  times  the  average  per  cent  error  of  all  the  other  measurements  should  be 
rejected. 

4.  In  reducing  the  number  of  significant  figures,  or  the  number  of  decimal  places,  by 
dropping  the  last  figure,  the  following  rules  apply: 

(a)  When  the  figure  in  the  place  to  be  rejected  is  less  than  5,  drop  it  without  changing 
the  preceding  figure.    Example:  1,827.4  becomes  1,827. 

(b)  When  the  figure  in  the  place  to  be  rejected  is  greater  than  5,  drop  it  and  increase 
the  preceding  figure  by  1.    Example:  1,827.6  becomes  1,828. 

(c)  When  the  figure  in  the  place  to  be  rejected  is  5,  and  it  is  preceded  by  an  even 
figure,  drop  the  5.    Example:  1,828.5  becomes  1,^S28. 

(d)  When  the  figure  in  the  place  to  be  rejected  is  5,  and  it  is  preceded  by  an  odd  figure, 
drop  the  5  and  increase  the  preceding  figure  by  1.    Example:  1,827.5  becomes  1,828. 

5.  In  constructing  and  applying  rating  tables  a  maximum  limit  of  one-half  per  cent  error 

^ould  seldom  be  exceeded. 

Special  rules  for  computation. 

1.  Rating  tables  are  to  be  constructed  as  close  as  the  data  upon  which  they  are  based 
will  warrant.     No  decimals  are  to  be  used  when  the  discharge  is  over  50  second-feet. 

2.  Daily  diachaiges  shall  be  applied  directly  to  the  gage  heights  as  they  are  tabulated. 

3.  Monthly  means  are  to  be  carried  out  to  one  decimal  place  when  the  quantities  are 
below  100  aecond-feet.  Between  100  and  10,000  second-feet,  the  last  figure  in  the  monthly 
mean  diall  be  a  significant  figure.    This  also  appUes  to  the  yearly  mean. 
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4.  Second-feet  per  square  mile  and  depth  in  inches  for  the  individual  months  shall  be 
carried  out  at  least  to  three  significant  figures,  except  in  the  case  of  decimals,  where  the 
first  significant  figure  is  preceded  by  one  or  more  ^'0,"  when  the  quantity  shall  be  carried 
out  to  two  significant  figures.  Example:  1.25;  .125;  .012;  .0012.  The  yearly  means  for 
these  quantities  are  always  to  be  expressed  in  three  significant  figures  and  at  least  two 
decimal  places. 

The  results  of  the  stream  measurements  made  durmg  previous  years 
by  the  United  States  Geological  Survey  can  be  found  in  the  following 
Survey  publications.  A  detailed  index  of  the  reports  for  years  pre- 
vious to  1904  is  given  in  Water-Supply  Paper  No.  119. 

1888.  Tenth  Annual  Report,  Part  II. 

1889.  Eleventh  Annual  Report,  Part  II. 

1890.  Twelfth  Annual  Report,  Part  II. 

1891.  Thirteenth  Annual  Report,  Part  III. 

1892.  Fourteenth  Annual  Report,  Part  II 

1893.  Bulletin  No.  131. 

1894.  Bulletin  No.  131 :  Sixteenth  Annual  Report,  Part  11. 

1895.  BuUetin  No.  140. 

1896.  Water-Supply  Paper  No.  11 ;  Eighteenth  Annual  Report,  Part  IV. 

1897.  Watei^upply  Papers  Nos.  15  and  16;  Nineteenth  Annual  Report,  Part  IV. 

1898.  Water-Supply  Papers  Nos.  27  and  28;  Twentieth  Annual  Report,  Part  IV. 

1899.  Water-Supply  Papers  Nos.  35  to  39,  inclusive;  Twenty-firat  Annual  Report, 

Part  IV. 

1900.  Water-Supply  Papers  Nos.  47  to  52,  inclusive;  Twenty-second  Annual  Report, 

Part  IV. 

1901.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  65  and  75. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  66  and  75. 

1902.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  82  and  83. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  84  and  85. 

1903.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  97  and  98. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  99  and  100. 

1904.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  124  to  129,  inclusive. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  130  to  135,  inclusive. 

A  limited  number  of  these  are  for  free  distribution,  and  as  long  as 
the  supply  lasts  they  may  be  obtained  by  application  to  the  Director 
United  States  Geological  Survey  or  to  members  of  Congress.  Other 
copies  are  filed  with  the  Superintendent  of  Public  Documents,  Wash- 
ington, D.  C,  from  whom  they  may  be  had  at  prices  httle  above  cost. 
Copies  of  Government  publications  are,  as  a  rule,  furnished  to  the 
public  libraries  in  our  large  cities,  where  they  may  be  consulted  by 
those  interested. 

COOPERATION  AND  ACKNOWLEDGMENTS, 

Most  of  the  measurements  presented  in  this  paper  have  been 
obtained  through  local  hydrographers.  Acknowledgment  is  extended 
to  other  persons  and  corporations  who  have  assisted  local  hydrogra- 
phers or  have  cooperated  in  any  way,  either  by  furnishing  records  of 
the  height  of  water  or  by  assisting  in  transportation. 
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The  following  list,  arranged  alphabetically  by  States,  gives  the 
names  of  the  resident  hydrographers  and  others  who  have  assisted 
in  furnishing  and  preparing  the  data  contained  in  this  report: 

IdfAo. — ^I^trict  engineer,  D.  W.  Roes  ^^  assisted  by  Fred  Stockton,  William  G. 
Davies,  and  J.  B.  Bond.  Acknowledgments  and  thanks  are  due  the  Oregon  Short  line 
Railroad  Company  for  transportation  furnished  the  district  hydrographer  and  his  assistants. 

Montana, — District  engineer,  C.  C.  Babb  ^,  assisted  by  A.  E.  Place,  L.  R.  Stockman,  and 
Robert  Follansbee,  assistant  engineers,  and  W.  B.  Freeman,  engineering  aid. 

Oregon. — District  engineer,  J.  T.  Whistler  ^,  assisted  by  J.  H.  Lewis  during  the  first 
quarter,  and  by  Wilbur  C.  Sawyer,  £.  N.  Smith,  and  Ivan  Landes  the  remainder  of  the  year. 
Acknowledgment  and  thanks  are  due  the  Oregon  Railroad  and  Navigation  Company, 
Southern  Pacific  Railway  Company,  Oregon  Short  Line  Railroad  Company,  Sumpter  Valley 
Railway,  and  the  Columbia  Southern  Railway  for  transportation;  to  the  Pacific  Live  Stock 
Company,  through  Mr.  Gilchrist,  superintendent,  for  gratuitous  gage  readings,  to  W.  C. 
McDonald  for  the  use  of  his  ferry  cable  on  John  Day  River  as  a  gaging  station,  and  to 
Mr.  J.  H.  Cunningham,  civil  and  hydraulic  engineer,  Portland,  Oreg.,  for  several  miscel- 
laneous current  meter  measurements. 

WaMngUm. — District  engineer,  T.  A.  Noble  ^,  assisted  by  George  H.  Bliss,  W.  G.  Steward, 
and  Geoige  F.  Harley.  Acknowledgments  and  thanks  are  due  to  the  many  owners  and 
managers  of  irrigation  canals  in  Yakima  River  Valley  for  assistance  and  information  fur- 
nished in  the  prosecution  of  the  work  in  that  locality.  Acknowledgments  are  also  due  to 
the  Washington  Irrigation  Company,  through  Walter  N.  Granger,  manager;  Northern 
Pacific  Irrigation  Company,  through  O.  L.  Hanson,  superintendent;  Washington  Water- 
Power  Company,  Northern  Pacific  Railway,  Great  Northern  Railway,  and  Oregon  Railroad 
and  Navigation  Company,  for  assistance  and  information. 

Wyoming. — ^District  hydrographer,  M.  O  Hinderlider^,  and  resident  hydrographer,  A.  J. 
Parshall.  Acknowledgments  are  due  for  annual  passes  over  all  their  lines  in  Wyoming 
to  the  Union  Pacific  Chicago,  Burlington  and  Quincy:  Colorado  and  Southern;. Colorado 
and  Wyoming;  and  Fremont,  Elkhom  and  Missouri  River  Valley  Railroad  Companies. 

COLUMBIA  RIVER  DRAINAGE  BASIN. 

Next  to  the  Colorado,  Columbia  River  drains  the  largest  area  of  all 
rivers  in  the  arid  region.  Its  drainage  basin  includes  parts  of  Wash- 
ington, Oregon,  Idaho,  Montana,  and  a  large  area  in  Canada.  No 
extensive  observations  of  its  flow  have  been  made,  but  the  data 
obtained  indicate  that  the  discharge  of  Columbia  River  is  much 
greater  than  that  of  the  Colorado.  The  Columbia  and  its  numerous 
tributaries  are  of  great  importance,  offering  good  sites  for  water- 
power  development  and  an  abundance  of  water  for  irrigation,  while 
the  main  river  is  navigable  for  a  considerable  distance. 

A  great  part  of  the  water  of  Columbia  River  and  its  tributaries 
flows  to  waste,  not  being  utilized.  This  is  due  to  the  fact  that  the 
river  ^as  cut  so  deeply  into  the  lava-covered  plains  that  water  can  not 
be  diverted  except  at  points  near  the  mountains,  where  the  strieams 

a  OfBoe  of  dittrict  engineer,  Boise,  Idaho. 

b  Office  of  district  engineer,  Browning,  If  ont. 

e  Office  of  district  engineer,  Pendleton,  Oreg. 

d  Office  of  district  engineer,  North  Yakima,  Wash. 

«  Office  of  district  hydrographer,  Chamber  of  Commerce  Building,  Denver,  Colo 
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The  following  rivers  in  the  Columbia  drainage  basin  are  also 
worthy  of  mention:  The  Walla  Walla,  the  drainage  of  which  is  one 
of  the  best  irrigated  and  most  productive  locaUties  in  either  Wash- 
ington or  Oregon;  Owyhee  River,  which  rises  in  northwestern  Nevada 
and  flows  southwest  through  Idaho;  Malheur  River,  rising  in  the 
mountains  of  east-central  Oregon  and  emptying  into  Snake  River 
west  of  Boise;  the  Grande  Ronde,  which  drains  the  northern  slope  of 
the  Blue  Mountains  and  empties  into  Snake  River  in  southeastern 
Washington. 

The  following  pages  give  the  results  of  data  collected  in  Columbia 
River  drainage  basin  during  1904: 

COLUMBIA   RIVER   NEAR   PASCO,  WASH. 

This  station  was  established  October  15,  1904,  by  C.  B.  Cox.  It 
is  located  1.2  miles  from  Pasco,  Wash.,  at  the  bridge  of  the  Northern 
Pacific  Railway  Company.  A  staff  gage,  in  two  sections,  graduated 
to  feet  and  tenths,  is  bolted  vertically  to  the  third  pier  from  the 
east  end  of  the  bridge.  The  lower  section  is  graduated  from  asero 
to  10  feet.  The  upper  section  is  graduated  from  zero  to  20  feet, 
with  its  zero  at  the  10-foot  mark  of  the  lower  section.  Gage  read- 
ings have  been  reduced  to  the  zero  of  the  lower  section.  The  gage 
is  read  once  each  day  by  W.  B.  Sloan.  Discharge  measurements 
are  made  by  means  of  a  boat  held  from  the  bridge  to  which  the  gage 
is  attached  by  means  of  a  400-foot,  one-fourth  inch  rope  cable.  The 
meter  is  lowered  2  feet  above  the  bow  of  the  boat  over  a  roller  on 
a  projecting  plank  and  controlled  by  a  \\dndlass.  The  initial  point 
for  soundings  is  400  feet  below  the  railway  bridge,  opposite  the 
center  of  the  east  pier.  The  channel  is  curved  for  about  800  feet 
above  and  straight  for  about  one-fourth  mile  below  the  station. 
The  water  above  the  station  is  smooth.  It  becomes  swift  and  rough 
on  the  west  side  of  the  channel  600  feet  below  the  station.  Both 
banks  overflow  during  high  water.  The  bed  of  the  stream  is  com- 
posed of  bowlders  and  is  fairly  permanent.  There  is  one  channel  at 
high,  and  two  at  very  low  stages.  The  piers  of  the  bridge,  a  bar  600 
feet  below  the  station,  and  the  movement  of  the  boat  affect  the 
measurements.  A  United  States  Geological  Survey  standard  alu- 
minum bench-mark  tablet  marked  "350'*  is  placed  on  the  south 
side  of  the  first  pier  from  the  east  end  of  the  bridge.  Its  elevation 
is  349.78  feet  above  sea  level  and  42.03  feet  above  the  gage  datum. 
A  United  States  Coast  and  Geodetic  Survey  brass  bench-mark  tablet 
on  the  same  pier  has  an  elevation  of  44.51  feet  above  the  datum  of 
the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 
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DMiorge  iMOsuremerU  qfCciumhia  River  near  Pasoo,  Wat^,,  in  190J^. 


Date. 

Hydrographer. 

Area  of 
section. 

Mean 
velocity. 

1 

Octobers 

C.  B.Goz 

Sq.  feel. 
22,660 

Ft.  per  tee. 
2.82 

Feet. 
9.90 

Sec-feet. 
64,000 

Mean  daUy  gage  height,  in  feet,  cf  Columbia  River  near  Paeco,  Wash.,  for  1904. 


Day. 

Nov. 

Dec. 

Day. 

Nov. 

Dec.' 

i 
8  1 
8.2 
8.1 
8.1 
8.0 
8.0 
8.1 
8.1 
8.1 
8.1 
8.1 

Day. 

Nov. 

Dec. 

1 

8.6 
8.6 
8.6 
8.5 
8.5 
8.5 
8.5 
8.4 
8.4 
8.4 
8.4 

8.7 
8.6 
8.5 
85 
8.4 
8.4 
8.3 
8.2 
8.1 
8.1 
8.1 

12 

84 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.4 

23 

8.4 
8.4 
8.5 
8.5 
8.5 
8.6 
8.6 
8.7 

8.1 

2 

13 

24 

8.1 

3 

14 

25 

8.0 

4 

15 

26 

7.9 

5 

1 
16 

27 

7.8 

6 

17 

28 

7.7 

7 

18 

20 

7.7 

8 

10 

30 

7.7 

9 

20 

31 

7.6 

10 

21 

11 

22 

KOOTENAI   RIVER  NEAR   BONNERS   FERRY,  IDAHO. 

This  Station  was  established  May  10,  1904,  by  W.  W.  Schlecht.  It 
is  located  at  the  Great  Northern  Railway  Company's  bridge,  three- 
fourths  mile  below  Bonners  Ferry,  Idaho,  40  miles  above  Kootenai 
Lake,  and  5  miles  below  the  mouth  of  Moyie  River.  A  standard 
chain  gage  is  securely  nailed  to  floor  beams  near  the  first  bridge  pier 
from  the  left  bank.  The  length  of  the  chain  from  the  outer  edge  of 
the  ring  to  the  lower  end  of  the  weight  is  43.10  feet.  The  datum  of 
the  gage  is  1, 727. 53  feet  above  sea  level,  as  determined  from  the  datum 
of  the  Great  Northern  Railway  at  Bonners  Ferry.  The  gage  is  read 
once  each  day  by  L.  Christenson.  Discharge  measurements  are 
made  from  the  upstream  side  of  the  railroad  bridge  to  which  the  gage 
is  attached.  This  consists  of  three  stationary  and  one  draw  span  and 
a  trestle  approach  at  the  left  bank.  The  upstream  guard  timber 
along  the  bridge  is  marked  every  5  feet  and  munbered  every  10  feet; 
along  the  trestle  the  marks  and  numbers  are  25  feet  apart.  A  stay 
wire,  1,000  feet  long,  is  stretched  across  the  river  above  the  bridge  at 
the  time  of  making  each  measurement.  The  stream  is  considered 
navigable,  and  the  wire  can  not  be  left  in  position.  It  is  stored  with 
the  observer.  The  initial  point  for  soundings  is  the  mean  outer  face 
of  the  northernmost  pier,  marked  with  a  10-penny  nail  and  has 
zero  painted  in  white  on  the  upstream  guard  timber.  The  channel 
is  straight  for  about  1,000  feet  above  and  350  feet  below  the  station. 
About  500  feet  below  the  station  there  is  a  sharp  curve  to  the  right. 
The  current  is  sluggish.    The  right  bank  is  high,  wooded,  and  not 
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liable  to  overflow.  The  left  bank  is  low,  wooded,  and  liable  to  over- 
flow to  the  railroad  embankment  which  is  about  1,200  feet  from  the 
bank  proper.  The  bed  of  the  stream  is  composed  of  sand,  free  from 
vegetation,  and  may  shift  during  high  water.  There  are  five  chan- 
nels beneath  the  bridge,  and  during  high  water  another  channel  under 
the  trestle  at  sounding  station  No.  1750. 

Bench  mark  No.  1  is  a  point  on  the  sill  of  the  bridge  near  the  right 
bank  at  sounding  station  —52,  marked  "  1770"  (datum  of  the  Great 
Northern  Railway),  established  by  a  United  States  and  Canadian 
Boundary  Survey  party.  Its  elevation  is  42.47  feet  above  the  datum 
of  the  gage.  Bench  mark  No.  2  is  the  top  of  the  head  of  a  20-penny 
nail  driven  horizontally  into  a  signpost  about  200  feet  northwest  of 
bench  mark  No.  1,  and  marked  ''  1771.2.''  Its  elevation  is  43.637  feet 
above  the  datum  of  the  gage.  Bench  mark  No.  3  is  an  8-penny  nail 
driven  into  the  diagonal  brace  of  trestle  bent  below  sounding  station 
614.3,  marked  ''  1761.4.''  The  nail  is  10.49  feet  below  the  top  of  ties  on 
the  trestle.  Its  elevation  is  33.87  feet  above  the  datum  of  the  gage. 
Bench  mark  No.  4  is  on  the  cap  of  trestle  bent,  upstream  side,  at  sta- 
tion 1,850  feet  from  the  initial  point  for  soundings.  It  was  set  by 
a  United  States  and  Canadian  Boundary  Survey  party,  and  marked 
*'  1761."     Its  elevation  is  33.74  feet  above  the  datum  of  th?  gage. 

On  account  of  backwater  from  Lake  Kootenai  influencing  the  gage 
heights  at  the  Bonners  Ferry  gage,  a  gage  was  set  May  18, 1904,  on  the 
left  bank  of  the  river,  about  three-fourths  mile  above  James  Fitz- 
patrick's  ranch,  and  1  mile  below  the  mouth  of  Moyie  River,  a  large 
tributary  from  the  north.  This  gage  is  about  1  mile  above  Crossport 
siding,  and  5  miles  above  Bonners  Ferry.  The  gage  is  set  in  two  ver- 
tical sections  connected  by  levels.  The  middle  section  is  fastened  to 
a  small  balm  of  Gilead  tree,  and  gives  the  stage  of  the  river  between 
gage  heights  20  and  30  feet.  The  upper  section,  which  is  fastened  to 
a  large  pine  stump,  gives  the  stage  of  the  river  between  gage  heights  30 
and  38  feet.  The  gage  is  read  once  each  day  by  James  Fitzpatrick. 
The  bench  mark  is  the  top  of  a  20-penny  nail  driven  into  a  telegraph 
pole  near  the  gage.  Its  elevation  is  37.92  feet  above  the  datum  of 
the  gage.  River  heights  from  this  gage  are  to  be  used  in  making  esti- 
mates of  flow  and  constructing  rating  table  from  the  discharge  meas- 
urements made  at  Bonners  Ferry.  At  extreme  high  stages  of  the 
lake  some  backwater  will  probably  influence  the  gage  height,  but  by 
going  farther  up  stream  the  fluctuations  due  to  Moyie  River  would  be 
omitted,  and  it  is  important  to  include  the  discharge  of  the  latter. 

In  order  to  determine  the  slope  of  the  river  a  gage  was  set  May  19, 
1904,  at  Porthill,  Idaho,  about  300  feet  south  of  the  United  States- 
Canada  boundary  line.  A  staff  gage  is  fastened  vertically  to  a  large 
Cottonwood  tree  on  the  right  bank.  The  gage  was  read  once  each 
day  by  Claude  M.  Danielson  until  July  25,  1904,  when  the  gage  was 
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discontinued.  The  bench  mark  was  two  20-penny  nails  driven  into 
a  tree  a  few  feet  north  of  the  depot  at  Porthill.  Its  elevation  is 
35.00  feet  above  the  zero  of  the  gage.  The  zero  of  the  gage  is  1,716.54 
feet  above  sea  level,  as  determined  by  a  United  States  and  Canadian 
Boundary  Survey  party  from  the  datum  of  the  Great  Northern  Rail- 
way at  Bonners  Ferry. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 


Diaeharge 

measurtmenis  (yf  Kootenai 

i  River  near  Bonnere  Ferry,  IdahOf  in  1904- 

Date. 

Hydrographer. 

• 

Width. 

Area  of         Mean 
section,      velocity. 

Oan. 
heii^it. 

Feet. 
17.29 
"24.00 
'6.10 

Dl»- 
oharge. 

May  13 

June  23  

September  15  .. 

W.  W.  Schlecht 

C.  M.  Hurlburt 

O.  Laurguard 

Feet. 
497 
505 
447 

Sq./eet.    Ft.pemec. 

13,880          2.09 

17, 020          2. 89 

7,960          1.02 

Sec.'/eft. 
28,950 
48,580 
8,140 

a  Oage  at  CroMport  23.85.  b  Oage  at  Crossport  17.60. 

Mean  daUy  gage  heightf  infeetf  of  Kootenai  River  near  Bonners  Ferry,  Idaho,  for  190j^, 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 1 

22.90 
23.00 
22.90 
22.85 
22.80 
23.65 
24.65 
25.30 
25.20 
24.90 
24.20 
23.60 
22.80 
22.20 
21.90 
22.20 
23.06 
23.80 
24.40 
24.80 
24.80 
24.40 
24.00 
23.60 
22.80 
21.80 
21.00 
20.50 
20.50 
1    20.50 

1 

20.80 
21.30 
21.60 
21.80 
21.75 
21.60 
21.50 
21.40 
21.30 
21.10 
20.70 
20.30 
20.00 
10.60 
19.10 
18.50 
17.90 
17.30 
16.70 
16.10 
15.40 
14.70 
14.20 
14.00 
14.00 
13.90 
13.30 
12.80 
12.50 
12.50 
12.60 

12.10 

11.70 

11.30 

11.10 

10.90 

10.70 

10.40 

10.30 

10.20 

10.10 

9.90 

9.70 

9.50 

9.20 

9.00 

8.70 

8.50 

8.40 

8.30 

8.20 

8.00 

7.80 

7.60 

7.40 

7.10 

6.90 

6.70 

6.50 

6.40 

6.30 

6.30 

6.30 
6.30 
6.30 
6.20 
6.10 
6.00 
5.90 
5.80 
5.70 
5.70 
5.70 
5.60 
5.50 
5.30 
5.10 
5.00 
4.90 
4.80 
4.60 
4.40 
4.30 
4.20 
4.10 
4.00 
3.90 
3.80 
3.60 
3.50 
3.50 
3.40 

3.30 

2 

3.20 

3 

3.20 

4 

3.20 

5 

3.20 

6 

3.10 

7 

3.10 

8 

3.10 

9 

3.00 

10 

17.80 
17.60 
17.40 
17.25 
17.33 
17.80 
17.15 
18.40 
10.10 
20.15 
21.25 
22.50 
24.25 
25.40 
25.85 
25.45 
24.50 
23.50 
23.00 
22.80 
22.80 
,    22.90 

3.00 

U 

2.90 

12 

2.90 

13 

2.80 

14 

2.80 

15 

2.70 

16 

17 

18 

10 

20 

21 

22 

23 

34 

25 '. 

26 

27 

» 

20 

30 

31 

OagB  iMdingi  iTiflmmned  by  backwater. 
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Mean  daily  gage  height,  infeetf  of  Kootenai  River  at  Cro8sportf  Idaho ,  for  1904- 


1. 
2. 
3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 


Day. 

May. 

JunA 

July. 

Aug. 

Sept.       Oct. 

1 

23.90 
23.85 
23.80 
23.75 
24.40 
25.00 
25.70 
26.00 
25.00 
24.40 
23.80 
23.30 
22.90 
22.80 
23.00 
23.60 
24.00 
24.20 
25.00 
24.80 
24.30 
24.10 
23.85 
23.30 
22.60 
22.20 
22.00 
22.20 
22.40 
22.60 

23.00 
23.60 
23.50 

23.30 
23.10 
23.00 
23.00 
22.80 
22.60 
22.40 
22.10 
22.00 
21.90 
21.60 
21.20 
21.10 
20.90 
20.70 
20.50 
20.10 
20.05 
2a  00 
20.30 
20.20 
20.00 
19.80 
19.75 
19.80 
19.90 
19.90 

19.30 
19.60 
19.40 
10.40 
19.50 
19.30 
19.20 
19.20 
19.30 
19.20 
19.10 
19.05 
19.00 
18.90 
18.70 
18.70 
18.70 
18.65 
18.60 
18.60 
18.50 
18.40 
18.30 
18.20 
18.20 
18.12 
18.10 
18.50 
18.50 
18.00 
18.00 

18.00 
18.10 

16.95 

2...: 

16.92 

3 

18.0Q..    1/6.80 

4 

18.00*1       16.80 

5 

18.  oe' 

17  m. 

17.96 
17.95 
17.« 

-     IR.80 

6 

>  .  M.90 

7 

16.95 

8 

17.00 

9 

-- i6-90 

10 

17.90         16.90 

11 

17.80 
17.70 
17.70 
17.65 
17.60 
17.50 
17.50 
17.50 
17.60 
17.40 
17.30 
17.20 
17.15 
17. 10 
17.06 
17.03 
17.00 
17.00 

16.80 

12 

16.75 

13 

14 

15 

16 

17 

18 

23.25 
23.85 
24.50 
25.30 
26.50 
27.20 
2ri.80 
25.50 
24.40 
23.60 
23.55 
23,70 
23.80 
23.90 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

17.00    

30 

16.95 

31 

Mean  daily  gage  height,  in  feet,  of  Kootenai  River  near  PorthiU,  Idaho,  for  190J^ 


Day. 


May.    June.    July. 


27.6 

26.7 

27.7 

27.0 

27.6 

27.1 

27.7 

27.1 

27.8 

27.1 

28.1 

27.3 

28.6 

27.2 

28.8 

27.1 

29.1 

27.0 

29.0 

26.9 

28.9 

26.7 

Day.         May. 


12 

13 

14 

15 

16 

17 

18 

19 

24.5 

20 

25.1 

21 

25.5 

June. 

July. 

26.5 
26.2 
26.1 
26.0 
25.5 
25.3 
24.8 
24.6 
24.0 
23.7 

1 

Day. 

May. 

June. 

July. 

28.6 

1 

22 

26.6 
27.4 
27.8 
28.1 
28.0 
27.8 
27.6 
27.5 
27.5 
27.6 

29.0 
28.8 
28.7 
28.4 
27.9 
27.5 
27.1 
26.9 
26.8 

23.0 

28.3 

1 
23 

22.7 

28.9 

24 

22.5 

28.8 

25 

•22.3 

28.8 

26 

28.0 

27 

28.4 

28 

28.7 

29 

28.9 

30 

29.1 

31 

a  Gage  discontinued  July  25.    Gage  used  only  to  get  the  slope  of  the  river. 
MISSOULA   RIVER   AT   MISSOULA,  MONT. 

The  original  station  was  established  July  10,  1898,  by  C.  C.  Babb, 
and  was  located  at  Higgins  Avenue  Bridge,  in  Missoula.  As  the  river 
at  this  point  flows  in  two  channels^  originally  two  gage  rods  were 
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attached  to  the  bridge  piers,  one  at  each  channel,  but  as  fluctuations 
found  to  occur,  this  location  was  abandoned  and  a  new  one  found 
27,  1899,  some  distance  downstream  at  the  bridge  of  the  Bitter- 
rooi  Valley  Division  of  the  Northern  Pacific  Railway.  The  river  here 
is\practically  in  one  channel,  except  in  times  of  flood,  when  some 
passes  through  a  slough  600  feet  south  of  the  bridge, 
measurements  are  made  from  the  downstream  side  of  the 
bridge,  the  initial  point  for  soundings  being  over  the  northeast  abut- 
ment opposite  the  center  of  the  first  angle  block  of  the  truss. 

The  riprapping  around  the  crib  piers  of  the  bridge  and  remains  of 
old  cribs  and  piling  in  the  channel  under  the  bridge  cause  eddies  which 
decrease  the  accuracy  of  measurements.  At  flood  heights  there  is  a 
visible  difference  in  the  elevation  of  the  water  surface  above  and 
below  the  station. 

The  gage  is  located  on  the  right  bank  of  the  river  some  400  feet 
above  the  station.  It  is  of  the  standard  chain  type,  and  is  attached 
to  a  horizontal  timber  bolted  to  a  cottonwood  tree.  Timbers  above 
and  below  and  guy  wires  brace  it  securely.  The  length  of  chain 
from  marker  to  bottoin  of  weight  is  21.89  feet.  The  elevation  of 
the  gage  datum  is  3,162.18  feet  above  sea  level.  The  gage  is  read 
twice  each  day  by  Thomas  E.  Westby.  The  bench  mark  consists  of 
a  United  States  Geological  Survey  iron  post  on  the  north  side  of 
Front  street,  about  200  feet  west  of  McCormick  street,  and  has  an 
elevation  of  3,194.64  feet  above  sea  level.  The  height  of  the  river 
was  read  at  the  three  rods  during  1899,  but  all  subsequent  readings 
have  been  made  from  the  new  gage  above. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  C.  C.  Babb,  district  engineer. 

DUeharge  meamiremerUs  of  Missoula  River  at  Missoula,  Mont,,  in  190 ^. 


Date. 


Hydn^rapher. 


April28 A.E.Place 

l(Uy20 W.B.Freeman 

June  22 do , 

July  10 do 

July  21 do 

W.  B.  Freeman  and 
Robert  Follansbee. 

L.  R.  Stockman 


August  25. . 
November  3. 


width. 

Feet. 
365 
329 
297 
190 
175 
213 


Area  of 
flection. 


Mean 
velocity. 


Gase     I      Dls- 
helgnt.   I   charge. 


Sq.  feet.  '  Ft.  per  sec. 


1,953 

1,833 

1,441 

952 

912 

731 

775 


6.32 
6.25 
4.54 
3.23 
2.58 
1.62 

1.66 


Feet. 
7.48 
7.25 
5.97 
4.59 
4.04 
3.04 


See.  feet. 
12, 357 
11,457 
6,544 
3,071 
2,353 
1.182 


3. 12  I       1, 290 
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Mean  daQy  gage  height,  in  feel,  ofMissovJa  River  at  M\s90vla,  Mont.,  for  190^, 


Day.         ■  Jan. 

Feb. 

Mar. 

3.20 
3.15 
3.18 
3.15 
3.15 
3.15 
3.18 
3.20 
3.22 
3.20 
3.18 
3.10 
3.12 
3.15 
3.18 
3.25 
3.32 
3.40 
3.45 
3.42 
3.45 
3.40 
3.40 
3.33 

(«) 
k2.95 

3.35 
3.48 

Apr. 

3.55 
3.62 
3.72 
3.60 
3.88 
4.02 
4.22 
4.38 
4.50 
4.68 
5.35 
6.32 
6.52 
6.45 
6.35 
6.18 
....... 

6.28 
6.45 
6.58 
6.70 
6.78 
6.70 
6.60 
6.50 
6.60 
6.85 
7.18 
7.42 
7.38 

May. 

June. 

7.35 
7.48 
7.38 
7.20 
7.00 
7.00. 
7.02 
7.00 
6.92 
6.90 
6.80 
6.48 
6.38 
6.28 
6.20 
6.30 
6.48 
6.50 
6.40 
6.30 
6.18 
6.00 
5.92 
6.75 
5.60 
5.42 
5.30 
5.22 
5.15 
6.08 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

3.15 
3.10 
3.15 
3.15 
3.10 
3.10 
3.15 
3.13 
3.10 
3.10 
3.06 
3.05 
3.05 
3.06 
3.05 
3.10 
3.12 
3.15 
3.15 
3.13 
3.10 
3.05 
3.05 
3.05 
3.05 
3.05 
3.05 
3.10 
3.12 
3.15 

D«. 

1 

(•) 

7.35 
7.20 
7.22 
7.25 
7.20 
7.08 
7.00 
6.88 
6.62 
6.68 
6.60 
6.63 
6.73 
6.75 
6.85 
6.00 
6.92 
6.08 
7.10 
7.38 
7.45 
7.78 
8.60 
8.35 
8.25 
7.88 
7.50 
7.20 
7.20 
7.22 
7.20 

1 

5.05 
5.06 
5.05 
5.00 
4.96 
4.85 
4.78 
4.72 
4.58 
4.55 
4.55 
4.45 
4.40 
4.38 
4.35 
4.35 
4.32 
4.35 
4.28 
4.20 
4.08 
4.00 
3.95 
3.95 
3.90 
3.88 
3.80 
3.80 
3.80 
3.75 
3.75 

3.70 
3.70 
3.65 
3.60 
3.58 
3.50 
3.42 
3.40 
3.40 
3.40 
3.35 
3.32 
3.30 
3.25 
3.22 
3.22 
3.20 
3.18 
3.15 
3.15 
3.15 
3.15 
3.15 
3.10 
3.08 
3.05 
3.02 
3.05 
3.10 
3.32 
3.40 

3.32 

3.20 

3.15 

3.12 

3.10 

3.05 

3.10 

3.10 

3.06 

3.00 

3.00 

2.98 

2.97 

2.98 

3.00 

2.05 

2.95 

2.95 

2.95 

2.95 

2.95 

3.00 

3.02 

3.00 

2.95 

2.05 

2.95 

2.92 

2.95 

3.00 


3.00 
2.02 
2.80 
2.75 
2.75 
2.82 
3.00 
3.10 
3.15 
3.15 
3.10 
3.10 
3.10 
3.10 
3.05 
3.05 
3.10 
3.15 
3.35 
3.28 
3.18 
3.08 
3.10 
3.10 
3.12 
3.15 
3.15 
3.15 
3.15 
3.15 
3.15 

3.15 

2 

3.15 

3 

3.10 

4 

3.10 

5 

63.25 

3.05 

6 

3.03 

7 

3.00 

8 

2.85 

0 

2.03 

10 

3.12 

11 

3.06 

12 

3.10 

13 

3.12 

14 

1 

3.00 

15 

•  •  •  « 

3.05 

16 

03.20 

3.10 

17 

3.05 

18 

•  »■•■••, 

3.06 

19 

1 

3.06 

20 

3.10 

21 

1 

3.  as 

22 

3.15 
3.18 
3.20 
3.20 
3.20 
3.15 
3.15 
3.20 

3.05 

23 

3.00 

24 

62.9."> 

25 

(*•) 

28 

27 

28 

29 

....... 

....... 

30.. .» 

31 

ft  3. 40 

a  River  frozen  January  1  to  February  22  and  also  March  25  to  30. 

h  Readings  to  top  of  ice. 

e  River  frozen  December  24  to  31. 
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Rating  table  for  Misaoula  River  at  Mismvia,  Mont.,  from  January  1  to  December  31,  1904, 


Qage 

:ht. 


beig^ 


Discharge.    ■ 


Oase 
height. 


Feet. 

Second-fed. 

2.80 

960 

2.90 

1,060 

3.00 

1,160 

3.10 

1,265 

3.20 

1,376 

3.30 

1,485 

3.40 

1,595 

3.50 

1,705 

3.60 

1,815 

3.70 

1,930 

3.80 

2,050 

3.90 

2,170 

•  II 


Feet. 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 
5.10 


DiscbargB. 


8eeond-feet. 
2,290 
2,420 
2,550 
2,680 
2,810 
2,950 
3,095 
3,245 
3,395 
3,550 
3,720 
3,910 


Oai 
helgl 


St. 


Feet. 
5.20 
5.30 
5.40 
5.50 
5.60 
5.70 
5.80 
5.90 
6.00 
6.20 
6.40 


Discharge. 

Seeond-feet. 
4,140 
4,410 
4,700 
5,000 
5,300 
5,600 
5,910 
6,260 
6,640 
7,410 
8,180 


Oage 

lelght. 


helgl 


Feet. 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 


Discharge. 


Second-feet. 
8,950 
9,720 
10,490 
11,260 
12,030 
12,800 
13, 570 
14,340 
15, 110 
15,880 
16,650 


The  above  table  is  applicable  only  for  open-<;hannel  conditions.  It  is  based  upon  7  dis- 
charge measurements  made  during  1904.  It  is  well  defined  between  gage  heights  4.00  feet 
and  7.50  feet.  The  table  has  been  extended  beyond  these  limits.  Above  gage  height  6.00 
feet  the  rating  curve  is  a  tangent,  the  difference  being  385  per  tenth. 

Eetimated  moiMy  discharge  ofMxseoula  River  at  Mieaoulay  Mont.,  for  190^. 

[Drainage  area,  5,960  square  miles.] 


Month. 


January. . . 
February  . 
Mareh\... 

April 

May 

June 

Julv 

August 

September. 
October. . . 
November. 
December. 


Discharge  in  second-feet. 


Maximum. 


The  year. 


1,705 

12,030 

16,650 

12,420 

3,910 

1,930 

1,485 

1,540 

1,320 

1,320 


Minimum. 


1,265 
1,760 
8,950 
3,910 
1,990 
1,160 
1,060 
915 
1,210 
1,010 


Mean. 


Total  In 
acre-feet. 


"1,300 
"1,300 
1,443 
6,701 
11,365 
8,161 
2,790 
1,478 
1,181 
1,241 
1,263 
1,204 


79,934 

74,777 

88,726 

398, 737 

698,807 

485, 613 

171,550 

90,879 

70,274 

76,306 

75,154 

74,031 


3,286  12,384,788 


Run-off. 


Second-feet 

per  square 

mile. 


0.218 
.218 
.242 

ft 

1.124 
1.907 
1.369 
.468 
.248 
.198 
.208 
.212 
.202 


Depth  in 
inches. 


0.251 

.235 

.279 

1.254 

2.199 

1.527 

.540 

.286 

.221 

.240 

.236 

.233 


.551  !      7.501 


'Estimated. 

ft  March  1  to  24  and  30  to  31,  Inclusive.    Mean  for  2A  days  taken  as  mean  for  month. 
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BIO   BLAGKFOOT   RIVER   NEAR   BONNER,    MONT. 

This  station  was  established  for  general  information  purposes  in 
July,  1898,  by  C.  C.  Babb.  It  is  situated  a  short  distance  above  the 
junction  of  the  Big  Blackfoot  with  Hellgate  River,  at  the  county 
highway  bridge  one-half  mile  west  of  Bonner  and  6  miles  east  of  Mis- 
soula. The  power  dam  of  the  Big  Blackfoot  Milling  Company, 
about  1,000  yards  above  the  station,  interferes  with  the  natural  flow 
of  the  water,  the  opening  and  closing  of  the  gates  causing  abrupt 
changes  in  the  gage  heights.  The  channel  at  the  station  is  straight. 
Both  banks  are  high  and  rocky.  They  are  clothed  with  a  vegetation 
of  bushes  and  single  trees.  Neither  bank  is  subject  to  inundation. 
The  bed  of  the  river  is  rocky  and  covered  with  cobbles  and  bowlders. 
It  is  not  liable  to  change.  The  depth  of  water  varies  from  4  to  10 
feet.  The  current  is  very  swift  and  can  seldom  be  gaged  without 
guying  the  meter.  The  discharge  measurements  are  made  from  the 
bridge,  the  distances  being  marked  on  the  downstream  hand  rail. 
The  initial  point  is  a  notch  marked  zero  at  the  left  end  of  the  down- 
stream hand  rail.  The  gage  is  attached  to  the  downstream  guard 
rail.  It  is  of  the  standard  chain  type  and  reads  to  feet  and  tenths. 
The  marker  is  a  brass-wire  index  near  the  handle.  The  distance 
from  the  bottom  of  the  weight  to  the  marker  is  20.90  feet.  The  gage 
is  read  twice  each  day  by  Charles  Anderson. 

Bench  mark  No.  1  is  a  temporary  bench  mark  of  the  topographic 
division  of  the  United  States  Geological  Survey,  consisting  of  a  cross 
cut  in  the  northeast  comer  of  the  top  of  the  northeast  abutment  of 
the  Northern  Pacific  Railway  bridge  near  Bonner.  It  has  an  eleva- 
tion of  3,290.30  feet  above  sea  level.  Bench  mark  No.  2  is  a  stand- 
ard United  States  Geological  Survey  iron  post  located  in  front  of 
John  McCormick's  house,  at  the  highway  bridge.  Its  elevation  is 
3,246.04  feet  above  sea  level.  The  elevation  of  the  axle  of  an  old 
gage  pulley  on  the  upstream  side  of  the  bridge,  which  serves  as  a  tem- 
porary bench  mark,  is  3,251.68  feet  above  sea  level. 

The  zero  of  the  gage  is  3,230.70  feet  above  sea  level.  All  eleva- 
tions refer  to  Missoula  datum — 25.34  feet  above  gage  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  C.  C.  Babb,  district  engineer. 
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DMuurge  metuuremenU  of  Big  Blaekfoot  River  near  Bonner  ^  Mont.y  in  190J^. 


Date. 


April  SO. 
May  19. 
May  28. 


June  20 

July  9 

July  21 

August  25  . . 

November  3. 


Hydrographer. 


A.  E.  Place 

W.  B.  Freeman 

W.    B.    Freeman  and 
E.  C.  Murphy. 

W.  B.  Freeman 

do..... 

do 


I 


W.    B.  Freeman   and 
Robert  FoUansbee. 


Width. 

Feet. 
134 
133 

134 

133 
125 
125 

122 


L.  R.  Stockman 120 


Area  of 
section. 


Sq./eet. 

1,031 

949 

950 

853 
652 
581 
465 

465 


Mean 
velocity. 


Ft.  per  sec. 
6.48 
6.10 
5.72 

4.77 
2.92 
2.32 
1.31 

1.11 


hel^t.       Di-e»>»rge. 

■  * 


Feet. 
5.10 
4.45 

4.48 

3. 66 

2.10 

1.59 

.86 

.34 


Second  feet. 
6,755 

5,793 
5,431 

4,069 

1,901 

1,349 

611 

516 


Mean  daily  gage  height,  in  feet,  of  Big  Blaekfoot  River  near  Bonner,  Mont.,  for  1904. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

2.40 
2.55 
2.55 
2.55 
2.40 
2.35 
2.25 
2.10 
2.05 
2.05 
2.00 
1.95 
1.85 
1.85 
1.75 
1.72 
1.72 
1.72 
1.72 
1.72 
1.62 
1.52 
1.52 
1.52 
1.52 
1.47 
1.42 
1.42 
1.42 
1.42 
1.32 

Aug. 

1.29 

1.29 

1.24 

1.19 

1.14 

1.09  ' 

1.09 

1.00 

1.09 

1.09 

1.09 

.99 

.99 

.99 

.  vV 

.96 

.96 

.96 

.86 

.  86 

.86 

.86 

.86 

.86 

.86 

.81 

.76 

.76 

.76 

.76 

.81 

Sept. 

1 

0.65 

.65 
.70 
.75 
.75 
.85 
.80 
.70 
.60 
.60 
.  .60 
.55 
.60 
.60 
.60 
.85 
.65 
.65 
.55 
.65 
.60 
.70 
.70 
.60 
.60 
.55 
.70 
.60 
.60 
.60 
.55 

0.50 
.50 
.45 
.45 
.60 
.55 
.55 
.60 
.40 
.55 
.50 
.55 
.55 
.50 
.55 
.55 
.55 
.45 
.40 
.40 
.50 
.55 
.55 
.45 
.40 
.45 
.50 
.40 
.45 

0.40 
.45 
.60 
.55 
.55 
.60 
.65 
.75 

1.15 
.00 
.80 
.70 
.55 
.55 
.70 
.65 
.60 
.60 
.60 
.65 
.65 
.65 
.60 
.60 
.50 
.66 
.60 
.65 
.«5 
.70 
.70 

0.70 
.85 
.85 
.95 
1.10 
1.40 
1.65 
1.70 
1.90 
2.40 
3.65 
3.65 
3.70 
3.85 
4.05 
3.80 
3.60 
3.55 
3.85 
4.06 
4.45 
4.45 
4.35 
4.20 
4.10 
4.35 
4.65 
4.90 
5.25 
5.15 

5.07 

4.97 

4.92  ^ 

4.82 

4.77 

4.67 

4.62 

4.37 

4.22 

4.07 

4.22 

4.17 

3.82 

3.97 

4.02 

4.12 

4.24 

4.39 

4.50 

4.64 

4.84 

5.39 

5.50 

5.79 

5.54 

5.19 

4.09 

4.54 

4.49 

4.54 

4.64 

4.51 
4.88 
4.61 
4.41 
4.36 
4.36 
4.41 
4.21 
4.16 
4.21 
4.16 
3.86 
3.76 
3.51 
3.51 
3.58 
3.93 
3.83 
3.83 
3.63 
3.48 
3.43 
3.33 
3.06 
2.93 
2.83 
2.73 
2.63 
2.48 
2.48 

0.83 

2 

3 

.83 
.83 

4 

5 

« 

7 

.73 
.73 
.73 
.73 

8 

.73 

9 

.68 

10 

.68 

11 

12 

.63 

13 

.63 

14 

15 

.63 
.58 

16 

.60 

17 

.60 

18 

.60 

19 

.65 

30 

.60 

21 

22 

.60 
.60 

23 

.60 

24 

.65 

25 

.45 

2Fj 

.55 

27 

60 

28 

.60 

29 

.80 

30 

.65 

31 

1 

Nov. 


0.57 
1.47 

.87 

.67 

.45 

.22 

.32 

.37 

.87 

.47 

.47 

.47 

.47 

.47 

.37 
39 

.39 

.34 

.39 

.39 

.24 

.54 

.54 

.39 

.44 

.44 

.44 

.44  ; 

.44; 

.44 
.44 


0.36 

.36 

.36 

.41 

.41 

.36 

.41 

.46 

.46 

.36 

.21 

.31 

.31 

.31 

.41 

.31 
41  I 

.41 

.41 
3.11 

.36  < 

.46 

.41 

.31 

.41 

.46 

.36 

.36 

.36 

.36 


Deo. 


0.31 
.36 
.31 
.21 
.56 
.56 
.31 
.31 
.41 
■  36 
.26 
.26 
.31 
.26 
.31 
.21 
.21 
.16 
.21 
.28 
.  26 
.21 
.21 
.21 
.16 
.16 

(«) 


NoTB.— Variations  in 
UBS  135— 0&- 


a  Ice.  river  frozen  at  gage, 
gage  heights  due  to  vaste  gates  of  dam  abovo  gage. 

-—8 
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Rating  table  for  Big  Blackfoot  River  near  Bonner,  Mont,,  from  January  1  to  December  SI,  190^ 


Gage 
height. 

Discharge. 
Second- feet. 

Gage 
height. 

1 
Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

I 

Discharge.  > 

Feet. 

Feet. 

Secondrfeet. 

Feet. 

Sewndrfeet. 

Feet, 

Second-fret.  _ 

0.20 

440 

1.70 

1,470    ^ 

3.20 

3,290 

4.70 

6,180 

0.30 

480 

1.80 

1,560 

3.30 

3,440 

4.80 

6,420 

0.40 

525 

1.90 

1,660 

3.40 

3,590 

4.90 

6,660 

0.50 

575 

2.00 

1,770 

3.50 

3,740 

5.00 

6,900 

0.60 

635 

2.10 

1,880 

3.60 

3,900 

5.20 

7,380 

0.70 

705 

2.20 

1,990 

3.70 

4,070 

5.40 

7,860 

0.80 

775 

2.30 

2,100 

3.80 

4,250 

5.60 

8,340 

0.90 

845 

2.40 

2,210 

3.90 

4,430 

5.80 

8,820 

1.00 

915 

2.50 

2,330 

4.00 

4,620 

;    6.00 

9,300 

1.10 

985 

2.60 

2,460 

4.10 

4,820 

6.20 

^,780 

1.20 

1,060 

2.70 

2,590 

4.20 

5,030 

6.40 

10,260 

1.30 

1,140 

2.80 

2,730 

4.30 

5,250 

6.60 

10,740     1 

1.40 

1,220 

2.90 

2,870 

4.40 

5,480 

6.80 

11,220 

1.50 

1,300 

3.00 

3,010 

4.50 

5,710 

7.00 

11,700 

1.60 

1 

1,380 

3.10 

3,150 

4.60 

5,940 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  dis- 
charge measurements  made  during  1899, 1900, 1903, 1904.  It  is  well  defined  between  gage 
heights  1 .00  foot  and  5.00  feet.  The  table  has  been  extended  beyond  these  limits.  Above 
gage  height  5  feet  the  rating  curve  is  a  tangent,  the  difference  being  240  per  tenth. 

Estimated  monthly  discharge  of  Big  Blackfoot  River  near  Bonner,  Mont.,  for  1904. 

[Drainage  area,  2,465  square  miles.] 


Month. 


January 

February 

March 

April , 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Dischai^  in  second-feet. 


Maximum. 

810 

635 

1,020 

7,500 

8,820 

6,540 

2,395 

1,140 

810 

1,260 

550 

610 

8,820 


Minimum. 


605 

525 

525 

705 

4,250 

2,330 

1,140 

740 

550 

440 

440 

420 


Mean. 


420 


666 

574 

668 

3,785 

6,066 

4,217 

1,638 

898 

684 

581 

509 

472 

1,730 


Run-off. 


Total  in 
acre-feet. 


40, 951 

33,017 

41,074 

225,223 

372,984 

250,929 

100, 717 

55,216 

40,701 

35,724 

30,288 

29,022 


1, 255, 846 


Second-feet 

per  square 

mile. 


0.270 

.233 

.271 

1.535 

2.461 

1.711 

.664 

.364 

.277 

.236 

.206 

.191 


Depth  in 
inches. 


0.311 

.251 

.312 

1.713 

2.837 

1.909 

.766 

.420 

.309 

.272 

.230 

.220 


9.550 
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BITTERROOT   RIVER    NEAR   ORANTSDALE,  MONT. 

This  station  was  established  April  25,  1902,  by  H.  B.  Waters.  It 
is  located  on  the  highway  bridge  2  miles  southwest  of  Grantsdale  and 
5  miles  southwest  of  Hamilton,  Mont.  The  gage  was  originally  of 
the  wire  type  and  fastened  to  the  downstream  truss  of  the  bridge. 
It  was  replaced  May  2  by  a  standard  chain  gage.  The  gage  is  read 
daily  by  T.  J.  Holt,  who  lives  about  a  quarter  of  a  mile  distant. 

Two  large  ditches — the  New  Hedge  and  the  Republican — are 
taken  out  of  the  river  some  distance  above  the  station.  They  irrigate 
extensive  farm  lands  and  orchards  in  the  vicinity  of  Hamilton. 

The  length  of  the  chain  from  the  end  of  the  weight  to  the  marker 
is  23.35  feet.  Discharge  measurements  are  made  from  the  high- 
way bridge  on  the  downstream  side  by  the  aid  of  a  stay  wire.  The 
initial  point  for  sounding  is  a  notch  on  the  hand  rail  over  the  north- 
east bridge  pier.  The  channel  is  straight  both  above  and  below  the 
station. 

The  stream  has  a  moderate  velocity.  The  right  bank  has  a  gentle 
slope  for  about  100  feet,  when  it  terminates  in  a  high  bank  which  is 
not  liable  to  overflow.  The  left  bank  is  high  and  is  formed  above 
the  bridge  by  a  railroad  fill.  The  bed  of  the  stream  is  composed  of 
gravel  and  bowlders. 

Bench  mark  No.  1  is  a  wire  nail  driven  in  the  northeast  side  of  a 
large  pine  stump  and  marked  ''B.  M.  24.40.^'  The  stump  is  across 
the  road  from  the  west  end  of  the  bridge.  The  elevation  above  the 
gage  datum  is  24.40  feet.  Bench  mark  No.  2  is  the  northwest  bolt 
in  the  northwest  abutment  plate  of  the  bridge.  It  is  marked  ^'B.  M. 
19.36."     Its  elevation  above  the  gage  datum  is  19.36  feet-. 

The  observations  at  this  station  during  1904  have  been  made  under 
tiie  direction  of  C.  C.  Babb,  district  engineer. 

LHackar^  metuuremenls  ofBitUrroot  River  near  OraritsdaU,  MorU.,  in  1904. 


Date. 


May  3 

May  22 

June  21 

Julv8 

My  22 

August  26. . 

NoTember  4 . 


Hydrographer. 


A.  E.  Place 

W.  B.  Freeman 

do 

do 

do 

W.  B.  Freeman  and 
Robert  FoDansbee. 

L.  R.  Stockman 


width. 


Feet. 
192 
205 
193 
188 
180 
159 


Area  of 
section. 


Sq.  fret. 
805 
1,215 
891 
680 
486 
225 

307 


Mean 
velocity. 

Gage 
height. 

Ft.  per  sec. 

Feet. 

5.53 

4.60 

7.69 

6.44 

5.49 

4.77 

3.80 

3.66 

2.55 

2.75 

.37 

1.37 

.76 

1 

1.70 

Dis- 
charge. 


Sec.-/eet. 
4,453 
9,340 

4,894 

1,241 

84 

235 
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Mean  daily  gage  height,  in  feet,  ofBitterrooi  River  near  Oraniadale,  Mont.,  far  190J^ 


Day. 


1 
2 
3 
4 

5 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Jan. 


2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
1.80 
1.80 
1.70 
1.80 
1.80 
1.80 
1.80 


Feb. 


1.70 
1.70 
1.70 
1.80 
1.80 
1.70 
1.80 
2.10 
2.00 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
1.80 
1.80 
1.70 
1.80 
2.10 
2.00 
1.90 
1.00 
1.90 
1.80 
1.80 
1.80 


Mar. 

1.80 
1.80 
1.80 
1.80 
1.80 
2.00 
2.00 
2.40 
2.50 
2.40 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
2.10 
2.10 


Apr. 


2.10 
2.10 
2.10 
2.20 
2.40 
2.60 
2.60 
2.90 
2.90 
3.50 
3.70 
3.90 
4.20 
4.50 
4.90 
4.60 
4.20 
4.00 
4.00 
4.10 
4.00 
4.00 
3.90 
3.80 
3.70 
3.70 
4.30 
4.80 
4.70 
4.70 


May. 


I 
June. '  July. 


4.40 
4.50 
4.60 
4.50 
4.50 
4.40 
4.30 
4.30 
4.20 
4.20 
4.30 
4.40 
4.50 
4.60 
4.80 
5.00 
5.10 
5.20 
5.30 
5.40 
5.90 
6.30 
7.00 
7.30 
6.40 
5.80 
5.50 
5.40 
5.40 
5.30 
5.40 


5.50 
5.40 
5.30 
5.20 
5.10 
5.40 
5.00 
5.10 
5.20 
5.10 
5.00 
4.60 
4.60 
4.50 
4.90 
5.30 
5.70 
5.40 
5.40 
5.00 
4.80 
4.80 
4.70 
4.40 
4.10 
4.00 
3.90 
4.00 
4.10 
4.10 


3.95 
3.95 
4.05 
4.05 
3.95 
3.95 
3.85 
3.65 
3.75 
3.65 
3.65 
3.55 
3.35 
3.15 
3.05 
2.95 
2.85 
2.75 
2.75 
2.65 
2.75 
2.75 
2.75 
2.75 
2.65 
2.55 
2.45 
2.45 
2.35 
2.35 
2.35 


Aug. 

Sept. 

Oct. 

Nov. 

Dec 

2.25 

1.45 

1.20 

1.60 

1.60 

2.15 

1.45 

1.20 

1.60 

i.m 

2.15 

1.35 

1.20 

1.60 

1.60 

2.05 

1.35 

1.20 

1.60 

i.eo 

1.95 

1.35 

1.30 

1.60 

1.60 

1.95 

1.35 

1.30 

1.60 

1.60 

1.95 

1.25 

1.40 

1.60 

1.60 

1.85 

1.25 

1.50 

1.50 

1.60 

1.85 

1.25 

1.60 

1.50 

1.60 

1.85 

1.25 

1.60 

1.50 

1.60 

1.75 

1.25 

1.50 

1.50 

1.60 

1.75 

1.25 

1.50 

1.50 

1.60 

1.75 

1.35 

1.50 

1.50 

1.70 

1.75 

1.25 

1.50 

1.50 

1.70 

1.65 

1.25 

1.50 

1.60 

1.70 

1.65 

1.25 

1.50 

1.60 

1.70 

1.&6 

1.25 

1.50 

1.60 

1.70 

1.55 

1.25 

1.50 

1.60 

1.70 

1.55 

1.25 

1.50 

1.60 

1.60 

1.45 

1.25 

1.50 

1.60 

1.60 

1.45 

1.25 

1.50 

1.70 

1.60 

1.45 

1.25 

1.50 

1.70 

1.60 

1.35 

1.25 

1.50 

1.70 

1.60 

1.35 

1.35 

1.50 

1.70 

1.60 

1.35 

1.35 

1.50 

1.70 

1.60 

1.35 

1.25 

1.50 

1.70 

al.80 

1.35 

1.25 

1.50 

1.70 

1.80 

1.35 

1.25 

1.50 

1.7D 

l.flO 

1.45 

1.25 

1.50 

1.70 

l.SO 

1.55 

1.25 

1.50 

1.70 

1.80 

1.45 

1.50 

1.80 

o  Partial  ice  gorge  below,  December  26  to  31. 
Rating  table  for  Bitterroot  River  near  Grantsdale,  Mont.,  from  January  1  to  December  31, 1904^ 


Gage 
height. 

Discharge. 

Gage 
'   height. 

Feet. 

Discharge. 

Gage 
height. 

Discharge. 

1 

Gaffe 
height. 

Discharge. 
Seamd-feet. 

Feet. 

Second-feet. 

Second-feet. 

Feet. 

Second-feet. 

FeH. 

1.30 

75 

2.40 

820 

3.50 

2,400 

5.20 

6,050 

1.40 

100 

2.50 

930 

3.60 

2,560 

5.40 

6,600 

1.50 

130 

2.60 

1,050 

3.70 

2,720 

5.60 

7,160 

1.60 

170 

2.70 

1,180 

3.80 

2,890 

5.80 

7,700 

1.70 

225 

2.80 

1,320 

3.90 

3,060 

6.00 

8,250 

1.80 

290 

2.90 

1,470 

4.00 

3,240 

6.20 

8,800 

1.90 

365 

3.00 

1,620 

4.20 

3,620 

6.40 

9,350 

2.00 

450 

;    3.10 

1,770 

4.40 

4,030 

6.60 

9,900 

2.10 

540 

3.20 

1,925    1 

4.60 

4,480 

6.80 

10,450 

2.20 

630 

i    3.30 

2,080 

'    4.80 

4,970 

!    7.00 

11,000 

2.30 

720 

3.40 

2,240 

1 

;    5.00 

1 

5,500 

ftOaS,  WBI8TI.EB, 
A.ND  NOBLK. 
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The  preoedmg  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  7 
discharge  measurements  made  during  1904.  It  is  well  defined  between  gage  heights  1.30 
feet  and  6.<50  feet.  The  table  has  been  extended  beyond  these  limits.  Above  gage  height 
5.00  feet  the  rating  curve  is  a  tangent,  the  difference  being  275  per  tenth. 

EtHmaUd  ifumOUy  diaeharge  ofBUterroat  River  near  OranUdaUf  Mont.ffor  1904, 

[Drainage  area,  1,S50  square  mUea.] 


Month. 


Dlacharge  in  aecond-feet. 


Maximum. 


January 

February. . . 

March 

April 

May 

June 

July 

August 

September. . 

October 

November.. 
December^ 


The  year. 


450 

540 

930 

5,230 

11,825 

7,425 

3,335 

675 

115 

170 

225 

225 


11,825 


Minimum. 


225 

225 

290 

540 

3,620 

3,060 

770 

88 

65 

55 

130 

170 


Mean. 


55 


296 

323 

490 

2,783 

5,868 

5,208 

1,899 

246 

74 

118 

179 

181 

1,472 


Run-off. 


Total  in 
acre-feet. 

Second-feet 
per  BQuare 

18,200 

0.191 

18,579 

.208 

30,120 

.316 

165,600 

1.795 

360,809 

3.786 

«IU9,  oyo 

3.360 

116,765 

1.225 

15,126 

.159 

4,403 

.048 

7,256 

.076 

10,651 

.115 

11,129 

.117 

1,068,545 

.950 

Depth  in 
IhcheB. 


0.220 

.224 

.364 

2.003 

4.365 

3.749 

1.412 

.183 

.054 

.088 

.128 

.135 

12.925 


a  December  20  to  31  estimated  on  account  of  ice  goge. 
BITTERROOT  RIVER   NEAR   MISSOULA,  MONT. 

This  station  was  established  July  6,  1898,  by  C.  C.  Babb.  The 
station  is  located  at  the  Buckhouse  wagon  bridge,  on  the  main  road, 
7  miles  southwest  of  Missoula,  Mont.  As  it  is  not  far  above  its  jimc- 
tion  with  Missoula  River,  it  will  give  the  full  discharge  of  the  Bitter- 
root.  The  first  gage  established  had  a  length  of  wire  of  22.83  feet, 
and  the  center  of  the  axle  of  the  gage  pulley  was  3.801  feet  below  the 
bench  mark.  On  April  8, 1901,  the  bridge  was  washed  away,  but  was 
immediately  replaced.  The  station  was  then  reestablished  with 
a  gage  wire  of  different  length.  Observations  were  discontinued 
November  1,  1901,  but  were  begun  again  in  1903.  The  length  of  the 
gage  wire  on  October  8,  1903,  was  found  to  be  30.40  feet,  at  which 
time  the  center  of  the  gage  pulley  was  6.70  feet  above  the  United 
States  Geological  Survey  bench-mark  post.  The  marker  on  the  wire 
was  taken  as  the  end  of  the  wire.  April  29,  1904,  a  standard  chain 
gage  replaced  the  former  wire  gage.  This  has  a  chain  length  of  25.64 
feet.  The  marker  is  a  brass  wire  index  near  its  handle.  Observa- 
tions were  made  diuing  1904  by  Frank  Mitchell,  Don  Buckhouse,  and 


38 


STREAM   MEASUKEMENTS   IN   1904,  PAUT   XII. 


[NO.  18Sl 


Frances  Cobiirn.  Discharge  measurements  are  made  from  the  down- 
stream guard  rail  of  the  wagon  bridge  to  which  the  gage  is  attached. 
The  initial  point  for  soundings  is  a  point  marked  zero  over  the  center 
of  the  northeast  bridge  pier.  All  distances  are  marked  on  the  hand 
raU.  The  channel  is  nearly  straight  above  and  below  the  station. 
The  right  bank  is  low  and  liable  to  overflow.  The  left  bank  is  high 
and  rocky  and  juts  out  into  the  river  so  that  the  channel  is  congested 
at  the  bridge  during  floods.  The  bed  of  the  stream  consists  of  gravel 
and  is  shifting.     The  depth  varies  from  3  to  6  feet. 

The  bench  mark  is  a  standard  United  States  Geological  Survey  iron 
post,  set  25  yards  northwest  of  the  bridge.  Its  elevation  above  gage 
datum  is  19.50  feet,  and  above  sea  level  (Missoula  datum)  is  3,140 
feet.  The  center  of  the  old  gage  pulley  has  an  elevation  of  26.20  feet 
above  gage  datum.  On  account  of  the  shifting  river  bed,  which 
makes  accurate  rating  of  ike  station  impossible,  this  station  was 
abandoned  December  31,  1904. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  C.  C.  Babb,  district  engineer. 

Diacharge  TneaguremerUs  ofBitterroot  River  near  Misaotda,  MorU.y  in  190^. 


Date. 


April  28. 
May  20. 
May  28. 


Hydrographer. 


A.  E.  Plac« 

W.  B.  Freeman 

Murphy  and  Freeman . 


June  20 j  W.  B.  Freeman. 

July  9 do. 


July  21 


do. 


August  2.5 Freeman  and  Follans- 

bee. 


November  3 . 


L.  R.  Stockman. 


Width. 

Area  of 
section. 

8q.  feet. 

Feet. 

226 

2,058 

230 

2,082 

230 

2,163 

230 

1,926 

225 

1,431 

221 

1,091 

207 

551 

192 

693 

Mean 
velocity. 


Mean  daily  gage  height,  in  feet,  ofBitterroot  Idver  near  Misaoula,  Mont.,  for  190^. 

Feb 


Day 


Jan. 


1 1  2.  a*) 

2 2.05 

3 1.95 

4 1.85 

5 1.75 

fi ,  1.65 

7 j  1.65 

8 1.65 

9 1.65 

10 1.55 

11 1  1.55 

12 '  1.65 


1.65 
1.65 
1.65 
1.55 
1.55 
1.55 
1.55 
1.55 
1.45 
1.35 
1.35 
1.45 


Mar.  I  Apr. 


I 


1.85  , 

1.85 

1.85 

1.75 

1.75 

1.85 

3.15 

3.55 

3.95 

3.2.^1 

2.95 

2.75  . 


2.45 
2.55 
2.55 
2.75 
2.85 
2.95 
3.05 
3.a5 
3.a5 
3.65 
3.85 
4.75 


May.    June.    July. 


6.00  7.38 

6. 10  '    7. 18 

6.20  7.28 

6.20  7.28 

6.00  7.28 

5.90  7.38 

6.00  7.48 

5.70    

•y*  «jU  ....... 

5.40    

5.50    

6.60  I 


5.66 
5.76 
5.56 
5.46 
5.36 
5.46 
5.46 
4.96 
4.96 
4.86 
4.71 
4.61 


Aug. 

Sept. 

Oct. 

2.80 

1.42 

1.20 

2.70 

1.42 

1.20 

2.50 

1.42 

1.20 

2.40 

1.47 

1.20 

2.30 

1.47 

1.15 

2.20 

1.47 

1.15 

1.47 

1.15 

1.32 

1.20 

I. .12 

1.30 



1.32 

1.35 



1.32 

1.40 

1.32 

1.40 

Nov. 

Dec. 

1.45! 

1.35 

1.45 

1.35 

1.45 

1.30 

1.45 

1.30 

1.45 

1.25 

1.45 

1.20 

1.40 

1.20 

1.40  ' 

1.20 

1.40 

1.25 

1.40 

1.30 

1.40 

1.35 

1.40 

1.35 

lOflB,  WB18TLSB 
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Mean  daiy  gage  heiglUf  in  feet,  qfBitferrooi  River  near  MieeouUiy  Mont.,  for  1904 — Cont'd. 


Day. 


13. 
14. 
15. 
16. 

17. 
18. 
19. 

ao. 

21. 
22. 
23. 
24. 
25. 
25. 
27. 
28. 
29. 
30. 
31. 


Jan. 


1.75 
1.85 
1.85 
1.85 
1.75 
1.75 
1.65 
1.65 
1.65 
1.55 
1.55 
1.65 
1.65 


1.&6 
1.55 
1.55 
1.65 
1.75 
1.66 
1.65 
1.65 
1.65 
1.65 
1.75 
2.56 
2.35 


2.65 
2.45 
2.45 
2.45 
2.35 
2.35 
2.35 
2.45 
2.55 
2.75 
2.45 
2.25 
1.05 


'    1.65 

1.85 

1.05 

1.65 

1.05 

1.05 

1.^ 

1.85 

2.05 

1.56 

1.85 

2.25 

1.65 

2.45 

1.65 

2.45 

Apr. 

5.25 
5.65 
6.35 
6.35 
5.85 
5.55 
6.55 
5.55 
5.66 
5.75 
5.85 
5.65 
5.05 
5.15 
5.35 
5.85 
6.80 
6.60 


6.00 


May.    June. 


5.60 
5.60 
6.00 
6.30 
6.40 
6.60 
6.80 
7.10 
7.20 
7.90 
8.60 
0.00 
0.50 
8.62 
7.60 
7.20 
7.10 
7.30 
7.50 


5.78 
5.48 
5.18 
5.18 
5.28 
5.48 


4.36 
3.06 
3.86 
3.76 
3.66 
3.56 
3.46 
3.46 
3.46 
3.46 
3.46 
3.40 
3.40 
3.20 
3.20 
3.10 
8.00 
2.90 
3.00 


Aug. 

Sept. 

Oct. 
1.40 

Nov. 

Dec. 

1.22 

1.40 

1.35 

1.22 

1.40 

1.40 

1.40 

....... 

1.22 

1.40 

1.40 

1.40 

1.12 

1.40 

1.40 

1.40 

1.12 

1.40 

1.45 

1.35 

1.12 

1.45 

1.45 

1.35 

1.12 

1.45 

1.45 

1.35 

1.12 

1.45 

1.45 

1.36 

.1.12 

1.50 

1.50 

1.35 

1.12 

1.50 

1.50 

1.30 

1.12 

1.55 

1.55 

1.30 

1.12 

1.55 

1.55 

1.30 

1.34 

1.12 

1.55 

1.55 

1.30 

1.12 

1.50 

1.50 

1.30 

1.12 

1.50 

1.50 

1.30 

1.84 

1.12 

1.50 

1.46 

1.35 

1.84 

1.12 

1.50 

1.45 

1.40 

1.80 

1.17 

1.50 

1.40 

1.45 

1.80 

1.45 

1.50 

Rating  table  for  BiUerroot  River  near  Missovla,  Mont,,  from  January  1  to  December  31, 190^, 


Gaee 
height. 

Discharge 

Gage 
hei^t. 

Dtacharge. 

Feet. 

Second-feet. ; 

Feet. 

Second-feet. 

1.10 

370 

2.70 

1,670 

1.20 

440    ' 

2.80 

1,770 

1.30 

510 

2.90 

1,870 

1.40 

580    ' 

3.00 

1,970 

1.50 

650 

3.10 

2,070 

1.60 

720 

3.20 

2,180 

1.70 

790 

3.30 

2,290 

1.80 

870 

3.40 

2,400 

1.00 

050 

3.50 

2,520 

2.00 

1,030 

3.60 

2,640 

2.10 

1,120 

3.70 

2,760 

2.20 

1,210 

3.80 

2,880 

2.30 

1,300 

3.90 

3,000 

2.40 

1,390 

4.00 

3,120 

2.50 

1,480 

4.10 

3,250 

2.60 

1,570 

1 

4.20 

3,380 

Gage 
height. 

Diacharge. 

Gage 
height. 

Diacharge. 

Feet. 

Second-feet. 

Feci. 

Second-feet. 

4.30 

3,520 

6.60 

8,460 

4.40 

3,660 

6.80 

1 

9,140 

4.50 

3,810 

7.00 

9,820 

4.60 

3,960 

7.20 

10,500 

4.70 

4,110 

7.40 

11,180 

4.80 

4,260 

7.60 

11,860 

4.90 

4,420 

7.80 

12,540 

6.00 

4,580 

8.00 

13,220 

5.20 

4,940 

8.20 

13,900 

5.40 

5,340 

8.40 

14,580 

5.60 

5,740 

8.60 

15,260 

5.80 

6,160 

1    8.80 

15,940 

6.00 

6,620 

1     9.00 

16,620 

6.20 

7,160 

9.20 

17,300 

6.40 

7,780 

9.40 

17,980 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  8  dis- 
ehaige  measurements  made  during  1904.  It  is  fairly  defined  between  gage  heights  1 .30  feet 
and  7.20  feet.  The  table  has  been  extended  beyond  these  limits.  Above  gage  height  6.40 
feet  the  rating  curve  is  a  tangent,  the  difference  being  340  per  tenth.  There  is  some  uncer- 
tainty in  the  curve  due  to  nhiftJng  channel. 
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EgHmated  monthly  discharge  ofBiUerroot  River  near  Missoula,  Mont., 

[Drainage  area,  3,200  aquare  mllee.] 


Month. 


January 

February 

March 

April 

May 

June,  13  days  ft . . 

July 

August,  11  days  '' 

September 

October 

November 

December 


Discharge  in  second-feet. 


Maximum. 


The  period. 


1,075 

1,525 

3,060 

9,140 

18,320 

11,520 

6,050 

1,770 

615 

685 

685 

650 


Minimum. 


Mean. 


685 

545 

830 

1,435 

5,140 

4,940 

1,870  I 

545 

370 

405  i 

I 

5kSU   j 

440 


799 

788 

1,434 

4,592 

9,031 

8,397 

3,469 

1,190 

455 

568 

614 

530 


Total  in 
acre-feet. 


Run-off. 


Second-feet 

per  square 

mile- 


Depth  in 
inches. 


49,129 

0.245 

0.282 

45,326 

.242 

.261 

88,173 

.440 

.507 

273,243 

1.409 

1.572 

555,294 

2.770 

3.194 

216,  518 

2.576 

1.245 

213,300 

1.064 

1.227 

25,964 

.365 

.149 

27,074 

.140 

.156 

34,925 

.174 

.201 

36,536 

.188 

.210 

32,588 

.163 

.188 

1,  508, 070 


o  June  1  to  7  and  25  to  30  inclusive. 

^  August  I  to  6  and  25  and  28  to  31  inclusive. 

CLARK   FORK"   AT   PRIEST   RIVER,    IDAHO. 

This  station  was  established  in  June,  1903,  by  T.  A.  Noble,  assisted 
by  George  H.  Bliss.  It  is  located  about  1,000  feet  west  of  Priest  River 
railroad  station  and  south  of  the  railroad  track,  on  the  right  bank.  It 
is  about  100  feet  west  of  a  sawmill.  The  stream  at  this  point  flows 
parallel  to  the  railroad  track,  and  both  the  platform  to  which  the  gage 
is  attached  and  the  ferry  cable  from  wliich  measurements  are  made  are 
at  right  angles  to  the  track  and  stream.  The  gage  is  of  the  wire  and 
weight  type,  with  horizontal  scale  board,  fastened  to  the  railing  of  the 
platform,  wliich  is  built  between  two  cottonwood  and  two  black  pine 
trees.  The  gage  is  adjusted  to  read  the  height  of  the  water  surface 
above  sea  level.  Discharge  measurements  are  made  from  a  ferry 
cable  about  400  feet  downstream  from  the  gage.  The  initial  point  for 
soundings  is  a  stake  on  the  left  bank  of  the  stream  and  the  west  side 
of  the  driveway.  Its  elevation  is  2,062.11  feet  above  sea  level.  On 
the  right  bank  1,020  feet  from  the  initial  point  is  another  stake,  with 
a  tack  in  its  head.  Its  elevation  above  sea  level  is  2,076.31  feet.  The 
channel  is  straight  for  about  2,000  feet  above  and  4,000  feet  below  the 
station.  The  right  bank  is  high,  covered  with  underbrush,  and  not 
subject  to  overflow.  The  left  bank  is  low,  cleared,  and  liable  to  over- 
flow.    From  the  top  of  the  left  bank  there  is  an  upward  slope  of  about 


a  Formerly  called  Pend  Oreille  River. 
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10  per  cent.  The  water  flows  in  one  channel,  and  the  bed  of  the 
stream  is  composed  of  sand,  with  occasional  bowlders.  The  bench 
mark  from  which  all  elevations  were  obtained  is  the  United  States 
Geological  Survey  bench  mark  south  of  Priest  River  station,  at  the 
northeast  comer  of  the  hotel.  Its  elevation  above  sea  level  is  2,077 
feet.  A  second  bench  mark,  under  the  gage  board  platform,  is  at 
an  elevation  of  2,066.19  feet  above  sea  level.  A  third,  on  a  stump 
near  the  gage,  is  at  an  elevation  of  2,073.02  feet  above  sea  level.  On 
July  16,  1903,  the  length  of  the  gage  wire  from  the  end  of  the  weight 
to  the  marker  was  measured  and  found  to  be  32.60  feet.  On  the 
bridge  rail  on  the  opposite  side  from  the  gage  2  copper  tacks  were 
driven  32.60  feet  apart,  to  be  used  for  future  checking  of  the  length 
of  the  wire  by  the  observer. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Diadusrge  meaawrtmenia  of  Clark  Fork  at  Priest  River,  Idaho,  in  190^. 


Date. 


Hydrograptier. 


March  12 C.  E.  Hewett.. 

May  27 W.  G.  Steward. 


July  20... 
August  11. 


do. 
do. 


Width. 


Feet. 
790 
948 
905 
845 


Area  of 
aection. 


Mean 
velocity. 


Oa«e 
leiebt. 


heigl 


8q.  feet.    Ft.  per  tec. 

5,715,  2.50 
16,740  5.34 

10,  560  4. 28 

7, 234  3. 13 


Feet. 

44.39 

56.00 

49.92 

46.33 


Dia- 
charge. 


Sec-feet. 
14,260 
89,420 
45,340 
22,770 


Mean  daily  qage  height,  in  feet,  of  Clark  Fork  at  Priest  River,  Idaho,  for  1904. 


Day. 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

n. 

•12. 


Jan. 


44.50 
44.45 
44.45 
44.45 
44.35 
44.30 
44.30 
44.30 
44.10 
44.30 
44.25 
44.20 

13 44.10 

14 

li 

18 

17 

18 

U 

20 


Feb. 


44.10 

44.10 

44.10 

44.20 

44.06 

44.15 

44.10 

43.60 
43.60 
43.70 
43.75 
43.70 
43.70 
43.70 
43.70 
43.60 
43.70 
43.55 
43.50 
43.50 
43.55 
43.60 
43.55 
43.55 
43.55 
43.55 
43.50 


Mar. 


43.50 
43.50 
43.50 
43.50 
43.50 
43.50 
43.60 
43.70 
43.75 
44.10 
44.25 
44.40 
44.45 
44.65 
44.50 
44.60 
44.65 
44.50 
44.55 
44.50 


Apr. 


44.25 
44.30 
44.35 
44.20 
44.35 
44.40 
44.55 
44.70 
44.80 
44.90 
45.00 
45.40 
45.90 
46.35 
47.00 
47.55 
48.20 
48.60 
49.00 
40.25 


May.  I  June.    July. 


52.15 

52.50 

52.75 

52.85 

53.20 

53.45 

53.50 

53.65 

53.65 

53.60 

53.60 

53.65 

53.60 

53.65 

53.55  I 

53.60 

53.65  ! 

53.70  ' 

53.80  I 

53.80  I 


56.30 
56.40 
56.30 
56.40 
56.40 
56.30 
56.40 
56.40 
56.40 
56.20 
56.20 
56.20 
56.00 
55.80 
55.70 
55.40 
55.30 
55.10 
55.20 
55.20 


53.40 
53.25 
53.10 
52.85 
52.65 
52.50 
52.30 
52.15 
51.90 
51.70 
51.50 
51.30 
51.15 
50.90 
50.70 
50.60 
50.35 
50.20 
50.00 
49.95 


Aug. 


47.75 
47.55 
47.40 
47.30 
47.15 
47.00 
46.85 
46.70 
46.50 
46.40 
46.30 
46.15 
46.00 
45.90 
45.75 
45.70 
45.60 
45.40 
45.35 
45.30 


44.40 
44.40 
44.35 
44.30 
44.30 
44.20 
44.15 
44.10 
44.05 
44.00 
43.95 
43.90 
43.90 
43.80 
43.80 
43.80 
43.80 
43.75 
43.70 
43.65 


43.20 
43.'15 
43.10 
43.20 
43.15 
43.10 
43.10 
43.06 
43.10 
43.10 
43.10 
43.00 
43.05 
43.00 
43.00 
43.00 
42.95 
42.95 
42.90 
42.90 


42.80 
42.80 
42.80 
42.85 
42.75 
42.75 
42.75 
42.70 
42.75 
42.75 
42.75 
42.70 
42.70 
42.65 
42.65 
42.65 
42.60 
42.60 
42.65 
42.70 


Dec. 


42.80 
42.80 
42.75 
42.80 
42.75 
42.76 
42.70 
42.75 
42.70 
42.65 
42.70 
42.65 
42.70 
42.65 
42.55 
42.70 
42.60 
42.70 
42.65 
42.70 
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Mean  daily  gage  heightf  in  feet,  of  Clark  Fork  at  Priest  River,  Idaho,  for  190^ — Continued. 


Day. 

Jan. 

44.10 
44.05 
44.05 
43.85 
44.00 
43.95 
43.95 
43.85 
43.80 
43.80 
43.80 

Feb. 

Mar. 

Apr. 

21 

43.50 
43.45 
43.40 
43.50 
43.50 
43.50 
43.50 
43.50 
43.45 

44.50 
44.55 
44.56 
44.65 
44.45 
44.40 
44.40 
44.40 
44.35 
44.20 
44.25 

49.50 
49.85 
50.10 
50.40 
50.60 
50.80 
50.90 
51.10 
51.45 
51.90 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

May. 

54.10 
54.30 
54.80 
55.10 
55.50 
55.80 
56.00 
56.10 
56.20 
56.20 
56.30 


June? 


55.10 
55.00 
54.70 
54.70 
54.60 
54.50 
54.30 
54.10 
53.80 
53.60 


July. 

Aug. 

49.65 

45.20 

49.40 

45.10 

49.20 

45.06 

49.10 

44.95 

48.85 

44.90 

48.70 

44.85 

48.45 

44.80 

48.35 

44.75 

48.20 

44.65 

47.95 

44.56 

47.80 

44.40 

Sept. 

43.50 
43.45 
43.40 
43.46 
43.40 
43.35 
43.30 
43.30 
43.30 
43.26 


Oct. 

Nov. 

42.90 

42.85 

42.90 

42.90 

42.85 

42.90 

42.90 

42.96 

42.90 

42.90 

42.85 

42.85 

42.80 

42.90 

42.80 

42.80 

42.80 

42.86 

42.80 

42.90 

42.80 

Dec. 


42.65 
42.65 
42-70 
43.65 
42.60 
42.60 
42.65 
42.60 
42.65 
42.65 
42.70 


Rating  table  for  Clark  Fork  at  Priest  River,  Idaho,  from  June  26, 1903,  to  December  SI,  190^. 


Gage 
height. 

• 
Discharge. 

Gage 
hRlght. 

1 

Discharge.  ; 

i 

Gage 
hAigbt. 

Feet. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second- feet. 

Second-feei. 

Feel. 

Secondrfeel. 

42.00 

6,550 

43.90 

12,250 

45.80 

21, 010 

49.20 

40,740 

42. 10 . 

6,770 

44.00 

12,650 

45.90 

21,530 

49.40 

41,960 

42.20 

6,990 

44.10 

13,050 

46.00 

22,050 

49.60 

43,220 

42.30 

7,220 

44.20 

13,  470 

46.20 

23,100 

49.80 

44,470 

42.40 

7,460 

44.30 

13,890 

46.40 

24,190 

50.00 

45,750 

42.50 

7,700 

44.40 

14,320 

46.60 

25, 310 

50.50 

49,000 

42.60 

7,960 

44.50 

14,760 

46.80 

26,440 

51.00 

52,300 

42.70 

8,230 

44.60 

15,200 

47.00 

27,600 

51.50 

55,600 

42.80 

8,510 

44.70 

15,650 

47.20 

28,760 

<  52.00 

59,000 

42.90 

8,810 

44.80 

16,110    1 

47.40 

29,920 

52.50 

62,400 

43.00 

9,110 

44.90 

16,570 

47.60 

31,080 

53.00 

65,900 

43.10 

9,420 

45.00 

17,050 

1 

47.80 

32,250 

53.50 

1 

69,400 

43.20 

9,740 

45.10 

17,530 

48.00 

33,450 

54.00 

73,100 

43.30 

10,070 

45.20 

18, 010 

1  48.20 

34,650 

55.00 

81,000 

43.40 

10, 410 

45.30 

18,490 

48.40 

35,850 

56.00 

89,300 

43.50 

10, 750 

45.40 

18,990 

48.60 

37,050 

57.00 

99,000 

43.60 

11,110 

45.50 

19,490 

48.80 

38,260 

58.00 

109,800 

43.70 

11,480 

45.60 

19,990 

-  49.00 

39,500 

59.00 

121,200 

43.80 

11,860 

45.70 

20,490 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  10 
dischai^e  measurements  made  during  1903,  1904,  and  1905.  It  is  well  defined  between 
gage  heights  42.50  fedt  and  50.00  feet.    The  table  has  been  extended  beyond  these  limits. 


BOSS.  WBI8TLER, 
AND  NOBLE. 


]        COLUMBIA    RIVEB   DRAINAGE    BASIN. 


43 


Estimated  numUUy  dUchaiye  of  Clark  Fork  at  Priest  River,  Idaho,  for  1903  and  1904. 


Month. 


1903. 


July 

August 

September. 
October. . . 
November. 
December. 


The  period. 


1904. 


January 

February. . 

March 

April 

May 

June 

July 

Augujst 

September. 
October, . . 
November. 
December. 


Diacharge  in  aecond-fcet. 


Maximum.     Minimum. 


113,700 
43,900 
18,990 
16, 670 
18,060 
17,240 


44,790 
19,390 
14,280 
14,230 
15,420 
15, 110 


The  year 93,000 


14,760 

11,670 

15,420 

58,320 

92,000 

93,000 

68,700 

31,950 

14,320 

9,740 

8,960 

8,510 


11,860 

10, 410 

10,750 

13,  470 

60,020 

70,120 

32,250 

14,320 

9,900 

8,510 

7,960 

7,830 


Mean. 


Total  in 
acre-feet. 


73,940 
28,900 
15,790 
15,490 
16,090 
16,500 


4,568,000 

1, 777, 000 

939,600 

952,400 

957,400 

1, 014, 000 


10, 210, 000 


13,200 

11,000 

13,500 

31,330 

74,540 

85,040 

49,850 

21,500 

11,920 

9,057 

8,437 

8,182 


811,600 

632,700 

830,100 

1,864,000 

4^583,000 

5,060,000 

3, 065, 000 

1,322,000 

709,300 

556,900 

502,000 

503,100 


7, 830  ,  28, 130  ;  20, 440, 000 


PRIEST   RIVER   AT   PRIEST   RIVER,  IDAHO. 

This  station  was  established  in  June,  1903,  by  T.  A.  Noble,  assisted 
by  G.  H.  Bliss.  It  is  located  at  the  highway  bridge,  oh  the  road 
from  the  railroad  station  at  Priest  River  to  Priest  Lake.  The  gage 
is  a  vertical  board  nailed  to  a  pile  on  the  downstream  side  of  the  right 
pier  of  the  highway  bridge.  A  ladder  is  attached  to  the  pier  to 
facilitate  reading  the  gage.  It  is  read  once  each  day  by  George 
Young.  Discharge  measurements  are  made  from  the  downstream 
side  of  the  bridge,  to  which  the  gage  is  attached.  The  initial  point 
for  soundings  is  the  bolt  at  the  end  of  the  guard  rail  at  the  right 
bank.  A  circle  has  been  painted  around  the  bolt.  The  channel  is 
straight  for  500  feet  above  and  for  200  feet  below  the  bridge.  Both 
banks  are  high,  wooded,  and  not  liable  to  overflow.     Extending  from 


44 


STREAM  MEASUREMENTS   IN   1004,  PART   XII. 


(HO.  Ifi. 


each  pier  of  the  single-span  bridge  to  the  bank  is  a  breakwater  com- 
posed of  piles  faced  with  planks.  These  breakwaters  make  the  cur- 
rent sluggish  between  the  piers  and  the  banks.  Under  the  main 
span  of  the  bridge,  a  distance  of  120  feet,  the  current  is  swift.  The 
bed  of  the  stream  is  composed  of  gravel. 

Bench  mark  No.  1  is  the  bolt  in  the  guard  rail  at  the  west  end  of 
the  bridge,  which  is  used  as  the  initial  point  for  soundings.  Its 
elevation  is  29.04  feet  above  the  zero  of  the  gage,  and  2,079.7  feet 
above  sea  level.  Bench  mark  No.  2  is  a  spike  driven  in  a  stump 
under  the  right  approach  to  the  bridge.  Its  elevation  is  17.48  feet 
above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Disdiorge  measwremerUs  cf  Priest  River  at  Priest  River,  Idaho,  in  1904- 


Date. 


March  10 

May  3 

May  26 

July  21 

August  10 

September  16. . 


C.  E.  Hewett 

W.G.  Steward 

Murphy  and  Steward. 

W.  G.  Steward 

do 

O.  I^aurguard 


Width. 

Area  of 
section. 

Mean 
velocity. 

Feet. 

8q.  teet. 

Ft.peraee. 

115. 

477 

3.01 

166 

906 

6.48 

129 

898 

6.40 

127 

504 

3.41 

125 

399 

2.39 

118 

307 

1.85 

Oaee 
leignt. 


Dia- 
chaiK^. 


Feel.     i.8ec-feet. 
4. 40         1, 434 


7.47 
7.76 
4.61 
3.70 
2.86 


5,882 

5,755 

1,720 

955 

568 


Mean  daUy  gage  height,  in  feet ^  of  Priest  River  at  Priest  River,  Idaho,  for  190^. 


Day. 


Jan.  ,  Feb. 


1. 
2. 
3. 
4. 

5. 
6. 


3.80 
3.80 
3.80 
3.80 
3.80 
3.75 


7 3.75 


8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 


3.75 
3.75 
3.75 
3.75 
3.75 
3.75 
3.75 
3.80 
3.90 
3.95 
3.95 
3.90 
3.80 


21 1    3.85  I 


3.85 
3.55 
3.60 
3.65 
3.70 
3.70 
3.70 
3.70 
3.70 
3.65 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.65 
3.65 
3.65 


Mar. 

3.60 
3.65 
3.60 
3.65 
3.65 
3.75 
3.85 
4.15 
4.45 
4.40 
4.40 
4.30  i 


Apr. 


4.30 
4.25 
4.20 
4.10 
4.30 
4.15 
4.10 
4.15 
4.10 


I 


4.00 
4.10 
4.15 
4.25 
4.35 
4.75 
4.75 
4.75 
4.80 
4.95 
5.20 
5.45 
5.70 
6.00 
6.50 
6.70 
6.70 
6.60 
6.50 
6.50 
6.60 


May.    June.    July 


6.60 
6.95 
7.45 
7.45 
7.45 
7.40 
7.35 
7.25 
7.20 
7.15 
7.10 
7.05 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.15 
7.20 
7.30 


7.80 
7.90 
7.85 
7.90 
7.80 
7.85 
7.90 
7.90 
7.85 
7.75 
7.70 
7.60 
7.40 
7.30 
7.20 
7.10 
6.95 
6.95 
7.00 
6.95 
6.80 


5.80 
5.80 
6.70 
6.70 
5.60 
5.45 
6.35 
5.30 
5.20 
5.10 
5.10 
4.95 
5.00 
4.90 
4.90 
4.85 
4.80 
4.75 
4.70 
4.65 
4.60 


4.10 
4.05 
4.00 
3.95 
3.90 
3.85 
3.85 
3.80 
3,75 
3.70 
3.65 
3.60 
3.60 
3.55 
3.55 
3.50 
3.50 
3.45 
3.45 
3.40 
3.35 


3.15 
3.15 
3.10 
3.10 
3.06 
3.00 
3.00 
3.00 
2.95 
2.95 
2.90 
2.90 
2.90 
2.90 
2.85 
2.85 
2.85 
2.85 
2.80 
2.80 
2.75 


2.76 
2.70 
2.70 
2.70 
2.70 
2.70 
2.75 
2.80 
2.80 
2.80 
2.80 
2.75 
2.70 
2.75 
2.70 
2.75 
2.70 
2.70 
2.70 
2.70 
2.70 


2.70 
2.70 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.60 
2.60 
2.60 
2.60 
2.65 
2.70 
2.70 
2.70 
2.70 
2.95 
3.60 


3.06 
3.00 
3.00 
3.00 
3.00 
2.96 
2.95 
2. 95 
2.95 
2.95 
2.95 
3.00 
2.95 
3.00 
3.10 
3.10 
3.10 
3.05 
3.05 
3.05 
3.  OS 


RO0B,  wiim'ucR,n 

AND  KOBLK.     J 
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Mean  daUy  gage  height,  in  feet,  of  Priest  River  at  Priest  River,  Idaho,  for  1904 — Cont'd. 


1 
June. 

July. 

Aug. 

6.65 

4.55 

3.35 

6.60 

4.50 

3.30 

6.55 

4.45 

3.25 

6.40 

4.40 

3.25 

6.20 

4.35 

3.20 

6.15 

4.30 

3.20 

6.05 

4.35 

3.20 

6.00 

4.20 

3.20 

5.85 

4.15 

3.20 

4.10 

3.15 

Sept.     Oct.     Nov. 


2.85 
2.85 
2.85 
2.80 
2.75 
2.75 
2.75 
2.75 
2.75 


2.70 
2.65 
2.65 
2.65 
2.65 
3.65 
2.65 
2.65 
2.65 
2.70 


Deo. 


3.46 
3.15 
3.10 
3.05 
3.05 
3.05 
3.05 
3.05 
3.05 


3.05 
2.05 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.20 
3.25 


Rating  table  for  Priest  River  at  Priest  River,  Idaho,  frtm  June  28, 1903,  to  December  SI,  190^. 


Gace 
leic^t. 


Fett. 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 


Discluiifie. 


Seeond-teet. 
460 
485 
515 
545 
580 
615 
655 
605 
740 
785 
835 
800 
050 
1,015 


hdgt.   '  Dl-charge. 


TTie  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  8  dis- 
diaige  measurements  made  during  1903  and  1904.  It  is  fairly  well  defined  between  gage 
heights  2.80  feet  and  7.50  feet.  The  table  has  been  extended  beyond  these  limits.  Above 
gage  hdght  8.00  feet  the  rating  curve  is  a  tangent,  the  difference  being  200  per  tenth. 
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Estimated  monthly  discharge  of  Priest  River  at  Priest  River ^  Idaho^for  1903  and  1904» 


Month. 


1903. 


July 

August 

September 

October 

November 

December 

The  period. 


1904. 


January. . 
February. 
March 


April. 

May. 

June. 


Discharge  in  second-feet. 


Maximum. 


8,760 

1,690 

1,092 

1,092 

1,316  : 

1,368 


Minimum. 


Mean. 


Total  in 
acr&-feet. 


July 

August , 

September 

October , 

November 

December 

The  year. 


1,122 

950 

1,545 

6,295 

6,580 

6,770 

3,120 

1,240 

675 

545 

835 

718 

6,770 


1,720 
956 
830 
820 
890 

1,036 


3,854 
1,360 
926 
978 
1,033 
1,188 


237,000 
83,620 
55,100 
60,140 
61,  470 
73,050 

570.400 


920 

862 

890 

1,160 

4,350 

3,190 

1,240 

675 

530 

500 

485 

598 

485 


1,007 

930 

1,196 

3,503 

5,693 

5,354 

2,034 

878 

580 

517 

564 

624 


1,907 


61,920 

53,490 

73,540 

208,400 

350,000 

318,600 

125,100 

53,990 

34,510 

31,790 

33,560 

38,370 

1,383,000 


SPOKANE   RIVER   AT   SPOKANE,  WASH. 

This  gaging  station  was  originally  established  October  17,  1896, 
by  C.  C.  Babb,  on  the  Oregon  Railroad  and  Navigation  Companj-'a 
wooden  bridge,  about  1  mile  above  the  falls,  where  discharge  measure- 
ments and  gage  readings  were  taken  until  July  8,  1903.  The  distance 
from  the  end  of  the  weight  to  the  index  of  the  first  wire  gage  was 
22.00  feet,  and  from  the  zero  of  the  rod  to  the  outside  edge  of  the 
pulley  1.80  feet.  The  gage  datum  was  found  to  be  1,880  feet  above 
sea  level  by  city  datum  and  1,865  feet  by  Government  datum. 

During  1901  new  gages  and  bench  marks  were  established.  The 
bench  mark  is  a  railroad  spike  in  an  electric-railway  pole  close  to,  and 
on  the  south  side  of  the  railroad  track,  at  the  west  end  of  bridge. 
Its  elevation  is  1,896.86  feet  above  city  datum,  as  determined  by 
the  Washington  Water  Power  Company,  and  1,882.72  feet  above 
Gpvemilient  datum,  as  determined  by  the  United  States  (jeolo^cal 
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Survey,  July  6,  1903,  from  a  Government  bench  mark  at  the  county 
court-house  m  Spokane. 

A  second  wire  gage  was  afterwards  established  *on  the  north  side 
of  the  west  span  of  the  bridge.  The  zero  of  this  gage  was  at  an 
elevation  of  1,879.35  feet,  coinciding  with  the  position  of  the  zero 
of  the  old  gage.  The  distance  from  the  end  of  the  weight  of  the 
marker  was  also  22.00  feet,  but  the  distance  from  the  zero  of  the  rod 
to  the  outside  of  the  pulley  was  only  1.90  feet. 

In  July,  1903,  the  wooden  bridge  was  torn  out  to  be  replaced  by 
a  steel  structure,  and  the  second  gage  board  was  destroyed.  A  third 
wire  gage  was  established  July  8,  1903,  on  the  OUve  Avenue  Bridge, 
950  feet  below  the  railroad  bridge.  It  is  located  on  the  south  side 
of  the  bridge,  between  the  fifth  and  seventh  verticals  from  the  west 
end,  just  outside  a  wooden  conduit  for  pipes.  It  is  22.30  feet  between 
the  end  of  weight  and  marker. 

The  bench  mark  is  a  railroad  spike  in  the  north  face  of  the  first 
telegraph  pole  west  of  the  west  approach  to  bridge.  Its  elevation 
is  1,881.05  feet  above  Government  datum  and  17.16  feet  above 
rod  datirni. 

This  gage  was  established  with  the  idea  that  readings  taken  at 
this  point  would  be  a  continuation  of  readings  taken  at  the  Oregon 
Railroad  and  Navigation  Company's  bridge,  as  the  two  gages  were 
made  to  read  the  same  when  the  new  one  was  put  in  place^  and  both 
sections  are  practically  the  same.  For  two  weeks  before  the  second 
gage  (that  on  the  railroad  bridge)  was  destroyed,  simultaneous 
readings  were  obtained,  which  showed  no  appreciable  difference. 
The  slope  in  the  water  surface  between  the  two  stations  was  1.43 
feet  on  July  8,  1904.  At  all  of  the  above  stations  near  the  Oregon 
Kailroad  and  Navigation  Company's  bridge,  Mr.  Z.  Taylor,  station 
agent,  has  been  the  observer. 

On  March  30,  1905,  the  station  on  the  Olive  Avenue  Bridge  was 
abandoned,  and  as  the  new  steel  bridge  of  the  Oregon  Railroad  and 
Navigation  Company  was  no  longer  considered  safe  from  which  to 
measure  the  river,  on  account  of  the  exposiu*e  to  danger,  a  new  cable 
station  was*  established  about  one-half  mile  above  the  Mission  Street 
Bridge,  or  1  mile  above  the  former  stations  at  the  Oregon  Railroad 
and  Navigation  Company  and  Olive  Avenue  bridges.  The  station  is 
equipped  with  f-inch  cable,  stay  wire,  and  tag  wire.  The  gage 
is  vertical  and  is  fastened  to  the  inside  of  the  most  easterly  pier 
on  the  south  side  of  the  Mission  Street  Bridge,  one-half  mile  below 
the  station.  It  is  divided  into  feet  and  tenths,  and  is  read  once  each 
day  by  Mr.  A.  C.  Lingle,  a  carpenter  living  near  the  gage.  A  second- 
ary gage  is  located  about  100  feet  above  the  cable,  and  is  read  by 
the  hydrographer,  at  the  time  of  measurement,  to  assist  in  computing 
areaa.     The  upper  portion  i^  vertical  ajjd  is  fastened  to  a  cottpiiwpod 
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tree;  the  lower  portion  is  inclined  and  nailed  to  pieces  buried  in  the 
ground.  The  rod  is  divided  vertically  into  feet  and  tenths.  The 
section  here  is  a  good  one  for  stream  measurements;  the  bed  is  com- 
posed of  gravel  and  small  bowlders  and  not  liable  to  change.  The 
banks  on  both  sides  are  high  and  will  not  overflow.  The  current, 
except  at  the  lowest  stages,  is  swift. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Discharge  mecumrements  of  Spokane  River  at  Spokane^  Wash.i  in  1904- 


Date. 


April  25 

May  13 

June  3 

June  15 

June  20 

June  27 

Julys 

July  12 

July  22 

July  30 

August  8 

August  20 

August  29 

August  29  «  . . . 
September  16 . . 
September  22 . . 
September  22  ^ 

October  6 

October  20 

October  20 


Hydrographer. 


W.  W.  Schlecht. . . . 

W.G.  Steward 

C.  M.  Hurlburt 

do 

W.G.  Steward 

do 

do 

CM.  Hurlburt 

W.G.  Steward 

CM.  Hurlburt 

do 

Price  and  Hurlburt. 

O.  Laurgaard 

do 

CCast«el 

do 

C  E.  Hewett 

do 

G.  G.  Mair 

....do 


Width. 


Feet. 
260 
252 
253 
236 
230 
227 
223 
221 
216 
212 
215 
214 
203 
221 
201 
200 
182 
202 
202 
202 


Area  of 
section. 


Sq.  feet. 
4,298 
3,875 
3,722 
3,219 
3^025 
2,906 
2,593 
2,411 
2,169 
1,938 
2,034 
1,778 
1,779 
626 
1,696 
1,668 
1,111 
1,651 
1,660 
1,656 


Mean 
velocity. 


Ft.  per  sec. 

6.12 

5.50 

5.10 

4.19 

3.87 

3.36 

2.91 

2.82 

2.11 

1.89 

1.68 

1.32 

1.10 

3.20 

.96 

.88 

1.31 

.85 

.83 

.85 


Oam 

leiimt. 


hdg] 


Feet. 
11.84 
10.22 
9.06 
7.60 
7.00 
5.90 
5.02 
4.31 
3.56 
2.99 
2.50 
2.08 
.1.95 
a.84 
1.56 
1.47 
1.47 
1.39 
1.42 
1.42 


Dis- 
charge. 


Ser.-feet, 

26,420 

21,300 

18,980 

13,490 

11,690 

9,771 

7,539 

6,794 

4,580 

3,648 

3,414 

2,339 

1,966 

2,006 

1,630 

1,465 

1,458 

1,398 

1,384 

1,400 


o  OUve  Avenue  Bridge,  one-half  mile  below  station.         b  250  feet  below  Olive  Avenue  Bridge. 
NOTB.— All  measurements,  1904,  were  taken  at  cable  station,  except  as  noted. 
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Mean  daUy  gage  height,  in  feet,  ofSpohme  River  at  Spokane  {(Hive  Avenue  Bridge),  Wash,, 

for  1904. 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 


Jan. 

Feb. 

Mar. 

Apr.  1 

3.66 

3.06 

3.20 

4.75 

3.60 

3.00 

3.25 

4.75  , 

3.55 

3.00 

3.25 

4.75 

3.50 

2.90 

3.25 

4.90 

3.45 

2.90 

3.25 

5.00 

3.40 

2.90 

3.35 

5.20 

3.40 

2.90 

3.40 

5.40 

3.35 

2.80 

3.75 

5.60 

3.30 

2.80 

4.50 

6.75  1 

3.26 

2.80 

5.30 

(•)  ; 

3.25 

2.75 

5.80 

3.25 

2.75 

5.95 

3.25 

2.75 

6.00 

3.25 

2.75 

6.00 

3.30 

2.70 

6.00 

3.40 

2.70 

6.95 

i 

Day. 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
20. 
30. 
31. 


Jan. 

Feb. 

3.10 

2.76 

3.20 

2.75 

3.30 

2.75 

3.36 

2.75 

3.40 

2.75 

3.40 

2.75 

3.40 

2.80 

3.35 

2.85 

3.35 

2.90 

3.30 

2.95 

3.25 

3.05 

3.25 

3.10 

3.20 

3.20 

3.15 

3.10 

Mar. 


Apr. 


5.05 
5.75 
5.65 
5.70 
6.70 
6.70 
5.60 
5.50 
5.40 
5.30 
5.15 
5.05 
4.95 
4.95 
4.80 


a  Disoontinued. 
NoTK.— Reading  approximate— about  5  per  cent  too  large. 


Mean  daUy  gage  height,  in  feet,  of  Spokane  River  at  Spokane  {Mission  Street  Bridge),  Wash,, 

for  1904. 


Day. 


I 


Mar. 


Apr. 


1 

2 

3 1 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 



\ 

17 , 

». .................. 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

5.60 

31 

6.66 

6.60 

5.50 

6.50 

5.60 

5.70 

5.90 

6.10 

6.30 

6.46 

0.60 

6.80 

7.30 

7.90 

8.60 

9.40 

10.30 

11.30 

11.80 

11.90 

11.90 

12.00 

12.10 

12.10 

12.10 

11.90 

11.70 

11.50 

11.46 

11.65 

11.70 


May. 


11.95 

12.00 

11.85 

11.70 

11.60 

11.50 

11.35 

11.20 

11.00 

10.70 

10.50 

10.35 

10.25 

10.15 

10.06 

10.00 

9.90 

9.85 

9.80 

9.85 

9.85 

9.85 

9.90 

10.00 

10.10 

10.10 

9.96 

9.80 

9.60 

9.50 

9.36 


June. 


July. 


9.25 
9.15 
9.10 
9.00 
8.90 
8.75 
8.70 
8.60 
8.55 
8.46 
8.30 
8.15 
8.00 
7.80 
7.65 
7.50 
7.36 
7.30 
7.15 
7.05 
6.95 
6.80 
6.66 
6.50 
6.30 


Aug. 


6.20  ! 

6.00 

5.90 

6.70 

5.60 


5.60 
5.40 
6.30 
5.20 
5.05 
4.95 
4.85 
4.75 
4.66 
4.50 
4.40 
4.30 
4.26 
4.10 
4.00 
4.00 
3.90 
3.86 
3.80 
3.70 
3.65 
3.55 
3.50 
3.40 
3.36 
3.25 
3.20 
3.10 
3.05 
3.00 
2.95 


2.86 
2.85 
2.80 
2.75 
2.70 
2.60 
2.55 
2.55 
2.45 
2.45 
2.40 
2.35 
2.30 
2.30 
2.26 
2.25 
2.20 
2.20 
2.15 
2.10 
2.10 
2.06 
2.00 
2.00 
2.00 
1.95 
1.90 
1.85 
1.86 
1.86 
1.85 


Sept. 


1.86 
1.80 
1.80 
1.75 
1.75 
1.75 
1.75 
1.70 
1.70 
1.70 
1.70 
1.66 
1.65 
1.60 
1.60 
1.55 
1.50 
1.60 
1.50 
1.50 
1.45 
1.45 
1.46 
1.46 
1.45 
1.45 
1.46 
1.46 
1.45 
1.45 


Oct. 


1.45 
1.45 
1.45 
1.46 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.35 
1.35 
1.35 
1.35 
1.36 
1.40 
1.40 
1.40 
1.45 
1.45 
1.45 
1.45 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 


Nov. 


Dec. 


1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.35 

1.36 

1.35 

1.36 

1.35 

1.35 

1.35 

1.36 

1.40 

1.35  I 

1.35 

1.35 

1.40 

1.40 

1.40 

1.50 

1.50 

1.56 

1.55 

1.56 

1.60 

1.60 


1.60 
1.66 
1.70 
1.70 
1.70 
1.70 
1.76 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.75 
1.76 
1.76 
1.75 
1.75 
1.70 
1.70 
1.66 
1.65 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.75 
1.80 
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Rating  table  for  Spokane  River  at  Spokane ,  Wash.  ^  from  AprU  1  to  December  SI,  1904^ 


Ga«e 
height. 

1 
Discharge. 

1 

Gara 
height. 

Discharge. 
Second- feet. 

Gase 
height. 

Discharge. 

Gage 
height. 

Diflchai^ge. 

Feet. 

Second-feet. 

Feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.00 

940 

2.70 

3,260 

4.40 

6,280 

7.00 

11,830 

1.10 

1,030 

2.80 

3,420 

4.50 

6,470 

7.20 

12,330 

1.20 

1,130 

2.90 

3,580 

4.60 

6,660 

7.40 

12,850 

1.30 

1,240 

3.00 

3,740 

4.70 

6,850 

7.60 

13,380 

1.40 

1,360 

3.10 

3,910 

4.80 

7,050 

7.80 

13,930 

1.50 

1,490 

3.20 

4,080 

4.90 

7,250 

1      8.00 

14,490 

1.60 

1,620 

3.30 

4,250 

5.00 

7,450 

,      8.50 

15,900 

1.70 

1,760 

3.40 

1 

4,420 

5.20 

7,850 

9.00 

17,380 

1.80 

1,900 

3.50 

4,600 

5.40 

8,250 

9.50 

18,980 

1.90 

2,040 

3.60 

4,780 

5.60 

8, 660 

'     10.00 

1 

20,580 

2.00 

2,190 

3.70 

4,960 

5.80 

9,080 

10.50 

22,280 

2.10 

2,340 

3.80 

5,140 

6.00 

9,510 

11.00 

23,980 

2.20 

2,490 

3.90 

5,330 

6.20 

9,950 

11.50 

25,780 

2.30 

2,640 

4.00 

5,520 

6.40 

10,400 

12.00 

27,580 

2.40 

2,790 

4.10 

5,710 

6.60 

10,860 

12.50 

29,380 

2.50 

2,940 

4.20 

5,900 

6.80 

11,340 

13.00 

31,180 

2.60 

3,100 

4.30 

6,090 

' 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  20  dis- 
charge measurements  made  during  1904.  It  is  well  defined  between  gage  heights  1.40  feet 
and  12.00  feet.  The  table  has  been  extended  beyond  these  limits.  Above  gage  height  1 1 .00 
feet  the  rating  curve  is  a  tangent,  the  difference  being  360  per  tenth. 

• 

Estimated  monthly  discharge  of  Spokane  River  at  Spokane  {Olive  Avenue  Bridge),  Wash.,  for 

190J^. 

[Drainage  area.  4,00.S  square  miles.] 


Month. 


6,174 
5,172 
12,420 
April  1-9 11,680 


January. . 
February. 
March 


Discharge  in  seciond-feet. 


Maximum. 


Minimum. 


4,958 
4,141 


Mean. 


5,459 
4,305 


The  period. 


5, 172       9, 574 
8, 896       9, 917 


Rnn-ofl. 

Total  in 
acre-feet. 

Second-feet 
per  sauare 

Depth  in 
inches. 

335,700 
247,600 
588,700 
177,000 

1.36 
1.07 
2.39 
2.48 

1.57 
1.15 
2.76 
.890 

1, 349, 000 

Note. — Estimates  are  based  on  rating  curve  of  station  at  O.  R.  &  N.  Rwy.  bridge,  900 
feet  abgve,  where  conditions  are  nearly  the  same  as  at  Olive  avenue, 


B088,  WHISTLER 
AND  NOBLE 
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EstimaUd  motUhly  discharge  of  Spokane  River  at  Spokane  {Mission  Street  Bridge),  Wash., 

for  1904. 

[Drainage  area,  4,006  square  milee.] 


Month. 


March  30-31 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  period. 


Discharge  in  second-feet. 


Maximum. 


27,  WO 
27,580 
18,180 
8,450 
3,500 
1,970 
1,425 
1,620 
1,900 


Minimum.        Mean. 


8,450 
18,500 
8,660 
3,660 
1,970 
1,425 
1,300 
1,300 
1,620 


8,608 

18,780 

22,120 

13, 510 

5,706 

2,605 

1,617 

1,369 

1,384 

1,769 


Total  in 
acre-feet. 


Run-ofl. 


Second-feet 

per  square 

mile. 


34,150 

1,117,000 

1,360,000 

803,900 

350,800 

160,200 

96,220  * 

84,180 

82,360 

108,800 

4, 198, 000 


Depth  in 
Inches. 


2.15 

4.69 

5.52 

3.37 

1.42 
.650  , 
.404  ' 
.342  ' 
.346  I 
.442 


0.160 
5.23 
6.36 
3.76 
1.64 
.749 
.451 
.394 
.386 
.510 


HANGMAN    GREEK   AT   TEKOA,  WASH. 

This  station  was  established  April  1,  1904,  by  W.  W.  Schlecht. 
It  is  located  at  the  footbridge  across  Hangman  Creek  about  1,000 
feet  above  the  mouth  of  North  Fork  of  Hangman  Creek,  in  the  town 
of  Tekoa,  Wash.  There  is  a  fall  of  about  2i  feet  between  the  two 
points.  A  plain  staff  gage,  graduated  to  feet  and  tenths,  is  attached 
vertically  to  the  right  pile  bent  of  the  bridge.  It  is  read  once  each 
day  by  A.  C.  McLaughlin.  Discharge  measurements  are  made  from 
the  downstream  side  of  the  footbridge  to  which  the  gage  is  attached. 
The  initial  point  for  soundings  is  the  center  of  a  telegraph  pole  on  the 
right  bank,  marked  with  a  20-penny  nail  and  zero.  Five-foot  inter- 
vals are  marked  on  the  bridge.  The  channel  is  straight  for  about  75 
feet  above  and  40  feet  below  the  station.  The  current  is  sluggish. 
About  50  feet  below  the  station  is  the  head  of  a  series  of  rapids. 
The  right  bank  is  fringed  with  brush,  and  liable  to  overflow  to  the 
railroad  embankment,  about  50  feet.  The  left  bank  is  high,  steep, 
composed  of  clay,  fringed  with  brush,  and  not  subject  to  overflow. 
The  bed  of  the  stream  is  composed  of  solid  rock  with  earth  banks  and 
is  not  liable  to  shift.  The  station  may  at  times  be  affected  by  back- 
water from  the  North  Fork. 

Bench  mark  No.  1  is  a  standard  United  States  Geological  Survey 
aluminum  tablet  marked  "2537*'  set  in  the  vertical  wall  of  a  brick 
house  on  the  comer  one  square  north  of  the  bank  of  Tekoa.  Its 
elevation  19  62.11  feet  above  the  zero  of  the  gage.    Bench  mark  No.  2 
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is  the  top  of  the  head  of  a  60-penny  spike  driven  into  the  telegraph 
pole  at  the  initial  point  for  soundings.  Its  elevation  is  11.41  feet 
above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Discharge  meaguremenU  of  Hangman  Creek  at  Tekoa^  Wash.,  in  190J^ 


Date. 


April2 

April  5 

April  20.... 

May  6 

May  16 

May24 

June  4 

June  22 

July  16**... 
Julyl6\., 
August  29" 
August  29  " 


Hydrographer. 


W.  W.  Schlecht. : 

do 

W.G.  Steward 

W.W.  Schlecht 

W.G.  Steward 

Steward  and  Murphy. 

W.  W.  Schlecht 

W.G.  Steward 

do 

do 

do 

do 


Width. 


Area  of 
section. 


Mean 
velocity. 


Feet. 

8q.  feet. 

69 

383         ' 

68 

409 

60 

308 

28 

65 

15 

21 

15 

17 

16 

18 

14 

12 

8 

4 

13 

10 

1 

.35 

1.5 

.45 

Ft,  per  sec. 
0.98 
1.17 

.87 

.1.21 

1.75 

1.42 

1.46 

.71 
1.07 

.41 

.80 
1.02 


Gafle 
height. 


Feet. 
4.88 
5.25 
4.20 
2.17 
1.47 
1.15 
1.45 
.74 
.58 

.  do 

.41 
.42 


Di»- 
charCpB. 


Sec.  fefi. 
376 
480 
281 
78 
37 
24 
26 
8 
4 
4 
.28 
.46 


a  One-half  mile  below  station. 

bSOO  feet  above  station. 

c  160  feet  above  railroad  bridge. 


Mean  daily  gage  height,  in  feet  ^  of  Hangman  Creek  aJt  Tekoa,  Wash.,  for  1904- 


Day. 


8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 


Apr. 

.  4.90 
4.90 
5.40 
5.40 
5.30 
5.55 
5.30 
4.85 
4.65 
4.90 
5.80 
6.30 
6.20 
6.10 
6.20 
6.90 
5.75 
4.85 
4.30 
4.30 
4.20 
4.20 


May. 


2.95 
2.90 
2.70 
2.40 
2.20 
2.10 
2.05 
1.95 
1.85 
1.80 
1.90 
1.85 
1.70 
1.60 
1.55 
1.50 
1.45 
1.40 
1.40 
1.30 
1.35 
1.25 


June. 


1.00 

1.00 

1.05 

1.45 

1.50 

1.35 

1.30 

1.50 

1.55 

1.30 

1.20 

1.15 

1.00 

.95 

1.00 

.95 

.90 

.95 

.95 

.90 

.90 

.75 


July. 

Aug. 

0.60 

0.45 

.60 

.45 

.60 

.45 

.60 

.45 

.65 

.45 

.65 

.46 

.65 

.40 

.65 
.65 
.45 
.45 
.45 
.45 
.45 
.45 
.50 
.60 
.60 
.60 
.55 
.60 
.55 


.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 


Sept. 

0.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40  • 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 


Oct        Nov. 


Dec. 


0.40 
.40 
.40 
.40 
.40 
.40 
.45 
.45 
.50 
.60 
.50 
.60 
.60 
.60 
.65 
.66 
.65 
.70 
.70 
.70 
.70 
.70 


0.70 
.70 
.70 
.70 
.70 
.65 
.65 
.66 
.65 
.65 
.60 
.55 
.55 
.66 
.56 
.60 
.60 
.60 
.60 
.65 
.66 
.70 


0.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.70 
.70 
.70 
.70 
.70 
.75 
.80 
.90 
.80 
.80 
.80 
.80 
.» 
.80 


AND  irOBLX. 


]       OOLUXBLi  &nrEB  DftAINAOS  BASIK. 
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Mean  daUy  gaffe  height,  in  feet,  of  Hangman  Creek  at  Tekoa,  Wash,  for  190^ — Continued. 


23. 
34. 

25. 

as. 

27. 
28. 
29. 

ao. 

31. 


Day. 


Apr. 


May. 

June. 
0.75 

July. 
0.55 

Aug. 
0.40 

Sept. 
0.40 

Oct. 

Nov. 

Dec. 

1.20 

0.70 

0.70 

0.80 

1.15 

1.20 

.55 

.40 

.40 

.70 

.70 

.80 

1.10 

2.35 

1.20 

.40 

.40 

.70 

.70 

.80 

1.00 

2.20 

1.80 

.40 

.40 

.70 

.75 

.80 

.95 

2.15 

.45 

.40 

.40 

.70 

.76 

.80 

1.00 

2.15 

.45 

.40 

.45 

.70 

.75 

.85 

.95 

1.10 

.45 

.40 

.45 

.70 

.70 

.86 

.95 

.60 

.45 

.40 

.45 

.66 

.70 

.90 

.90 

.45 

.40 

.65 

.90 

Note.— Qage  heights  affected  by  opening  of  floodgate. 
Bating  iaUefor  Hangman  Creek  at  Tekoa,  Waeh.,from  AprU  1  to  December  31, 190J^ 


Oaoe 
hRigtit. 

Dleefaarge. 

Oase 
height. 

Diacharge. 

Oage 

height. 

Diachargo. 

hei^t. 

DiBcharge. 

Feet. 

Sectmdrfeet. 

Feet. 

Second-feet,  i 

FeH. 

Second-feet. 

Feet. 

Second-feet. 

0.40 

0.2 

1.40 

34 

3.00 

142 

4.50 

318 

.45 

1.0 

1.50 

38 

3.10 

150 

4.60 

335 

.50 

2.0 

1.60 

43 

3.20 

158 

4.70 

353 

.55 

3.0 

1.70 

49 

3.30 

167 

4.80 

372 

.60 

4.5 

1.80 

55 

3.40 

177 

4.90 

392 

.65 

6.0 

1.90 

61 

3.50 

187 

5.00 

412 

.70 

7.5 

2.00 

67 

3.60 

197 

!     5.10 

434 

.75 

9.0 

2.10 

73 

3.70 

207 

5.20 

456 

.SO 

10.5 

2.20 

79 

3.80 

218 

5.30 

478 

.85 

12 

2.30 

86 

3.90 

230 

5.40 

500 

.90 

14 

2.40 

94 

4.00 

243 

5.50 

522 

.95 

16 

2.50 

102 

4.10 

257 

5.60 

546 

1.00 

18 

2.60 

110 

4.20 

271 

5.70 

570 

1.10 

22 

2.70 

118 

4.30 

286 

5.80 

594 

1.20 

26 

2.80 

126 

4.40 

302 

!     5.90 

618 

1.30 

30 

2.90 

134 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  12  dis- 
chaige  measurements  made  during  1904.  It  is  well  defined  between  gage  heights  0.40  foot 
and  5.30  feet.  The  table  has  been  extended  beyond  these  limits.  Above  gage  height  5.50 
feet  the  rating  curve  is  a  tangent,  the  difference  being  24  per  tenth. 
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EsHmated  monifdy  discharge  of  Hangman  Creek  at  Tekoa,  Wash. ,  for  190J^ 


Month. 


April 

May 

June 

July 

August 

September. 
October. . . 
November. 
December. 


Discharge  in  second-feet. 


Maximum.     Minimum. 


Mean. 


Total  in 
acre-feet. 


858 

138 

79 

56 

1 

1- 

7.5 
9 
14 


The  period. 


146 

405 

14 

50.1 

4.5 

29.9 

1 

5.6 

.2 

.35 

.2 

.28 

.2 

4.6 

3 

6.2 

6 

9.2 

1 

24,100 
3,080 
1,779 

22 

17 

283 

369 

566 


30,560 


HANGMAN    CREEK   AT   POOLERS   RANCH,  NEAR   TEKOA,  WASH. 

This  station  was  established  September  28,  1904,  by  T.  A.  Noble. 
It  is  located  4  miles  northwest  of  Tekoa,  Wash.,  one-fourth  mile 
south  of  highway  bridge  across  Hangman  Creek,  and  300  feet  south 
of  J.  M.  Poolers  farm  crossing.  A  6-inch  hook  gage  is  used  once  each 
day  by  John  M.  Poole.  Discharge  measurements  are  made  by  means 
of  a  weir  14  feet  long.  The  top  of  the  weir  is  the  same  height  as  the 
top  of  a  nail  driven  into  the  plank  which  forms  part  of  the  dead-man 
for  the  bench  mark,  7  feet  upstream  from  the  weir.  The  channel  is 
straight  for  about  80  feet  above  and  25  feet  below  the  station  and 
the  current  is  sluggish.  Both  banks  are  about  6  to  8  feet  high,  lined 
with  brush,  and  subject  to  overflow  during  liigh  water.  The  bed  of 
the  stream  is  composed  of  rock,  cemented  gravel,  free  from  vegetation, 
and  permanent.  There  is  but  one  channel  at  low,  and  two  at  high 
water.  The  bench  mark  is  the  top  of  a  60-penny  nail  driven  into 
right-of-way  post  of  the  Oregon  Railroad  and  Navigation  Company, 
40  feet  east  of  the  weir.  Its  elevation  is  8.627  feet  above  the  top  of 
the  weir  or  iron  lip. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 
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Menn  daily  gage  height,  in  feet,  of  Hangman  Creek  at  Poole*8  randi  near  Tekoa,  Wath.^for 

1906. 


Day. 


]. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


Sept. 


Oct, 


Nov. 


Dec.  I 

...   _  I 


0.383 
.383 
.362 
.3frt 
.314  j 
.345  ' 
.412 
.496  , 
.460 


0.364  I  0.385 
.376  .419 
.376 
.365 
.377 


.365 

.375 
.383 


.520  ;    .361 
.570       .371 


.563  ! 


.571 
.620 
.726 
.442 


383 

394 
.393 

.370 


.386 
.418 

.388 
.323 
.379 
.323 
.333 
.354 
.437 
.466 
.518 
.617 
.779 


Day. 


Sept. 


17 

18 

19 1 

20 

21 

22 

23 

24 

25 

28 

27 

28 

0.347 

29 

30 

.  .xa 

31 

Oct. 


Nov.     Dec. 


0.414 

0.382 

0.744 

.3^ 

.446 

.628 

.340 

.445 

.733 

.444 

.463 

.688 

.372 

.480 

.552 

.375 

.554 

.534 

.395 

.610 

.533 

.383 

.782 

.532 

.385 

.647 

.387 

.589 

.364 

.528 

.354 

.491 

.342 

.461 

.388 

.415 

.386 

From  September  28  to  October  15,  inclusive,  length  of  weir,  1.01  feet;  from  October  16  to  November 
24,  incluoLve,  length  of  weir,  3  feet;  from  November  25  to  December  24,  inclusive,  length  of  weir,  5  feet. 

HANGMAN    CREEK    (NORTH   FORK)    AT   TEKOA,  WASH. 

This  station  was  established  April  2,  1904,  by  W.  W.  Schlecht.  It 
is  located  at  the  highway  bridge  in  Tekoa,  Wash.,  on  the  road  leading 
north.  A  plain  staff  gage,  graduated  to  feet  and  tenths,  is  fastened 
vertically  to  the  concrete  abutment  of  the  railway  bridge  on  the 
northern  arm  of  the  ^'Y'^  of  the  Oregon  Railroad  and  Navigation 
Company's  tracks.  25  feet  upstream  from  the  bridge  from  which  dis- 
charge measurements  are  made.  The  gage  is  read  once  each  day  by 
C.  J.  McLaughlin.  Discharge  measurements  are  made  from  the 
downstream  side  of  the  highway  bridge.  The  initial  point  for  sound- 
ings is  the  center  of  telegraph  pole  on  the  right  bank.  It  is  indicated 
by  a  20-penny  nail  and  marked  zero.  Five-foot  intervals  are  marked 
on  the  bridge.  The  channel  is  straight  for  about  60  feet  above  and 
below  the  station  and  the  current  is  swift.  There  is  a  series  of  rapids 
between  the  gaging  station  and  the  mouth  of  the  creek,  having  a  total 
fall  of  about  4  to  5  feet.  The  right  bank  is  of  earth,  fringed  with 
brush,  having  a  number  of  houses  built  close  to  the  river,  and  does 
not  overflow.  The  left  bank  is  low,  and  is  liable  to  overflow  above 
and  below  the  station  50  to  100  feet  back  to  the  railroad  embankment. 
The  bed  of  the  stream  is  composed  of  gravel  and  a  few  bowlders,  and 
is  permanent.  At  the  gaging  section  there  is  but  one  channel  at  all 
stages. 

Bench  mark  No.  1  is  a  United  States  Geological  Survey  standard 
aluminum  tablet  set  in  the  vertical  wall  of  a  brick  house  on  the  corner 
1  square  north  of  the  bank  in  Tekoa.  It  is  marked  ^*  2537  "  and  is 
58.29  feet  above  the  zero  of  the  gage.     Bench  mark  No.  2  is  a  point 
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on  the  concrete  abutment  of  the  railroad  bridge  near  the  gage.     Its 
elevation  is  8.39  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  undei 
the  direction  of  T.  A.  Noble,  district  engineer. 

Discharge  measurements  of  Hangman  Creek  (North  Fork)  at  Tekoa,  Wash.j  in  190 J^. 


Date. 

Hydrographer. 

Width.       ^ 

1 

rea  of 
lotion. 

7.  fee/. 

Mean 
velocity. 

Gil 
heii 

jht. 
et. 

5 

Dis- 
'harge. 

Feet.        Si 

Ft.  per  sec. '     Fe 

ec.-feet. 

April  2 

W 

W. 

Schlecht 

44         119 

1.71          2.28 

203 

April  9 

April  20 

May6" 

May  11" 

.do 

44         lOS 

1.09  i       1 

88 

117 

w. 

G. 

Steward. 

40           93 

.38  !      1 

50 

37 

w 

W 

Schlecht 

18           13 

.79 

1.23 

10 

w. 

G. 

Steward. 

30            2.8 

1 

1.36 

.80 

3.8 

May  24" 

JuDe22" 

Mumhv  and  Steward.  J 

1. 

9 

.83 

62 

1.6 

W. 

G. 

Steward . 

;        3      1       1. 

9 

.35 

.42 

.67 

Julv  16" 

-de 
..dc 

) 

< 
« 

J             1. 

.8 

8 
24 

.38 
1.17 

.50 
.42 

.70 

August  29" 

} 

.28 

»  Not  at  regular  section. 

Mean  daUy  gaqe  ) 

\tightj  in  feet  f  of  Hangman  Creek  (North  For 

*)  at  Tekoa,  Wash 

.,for  1904. 

Day. 



1 
—  1 

Apr.       1 

ilay. 

June. 

July. 

Aug. 
0.47 

Sept. 

Oct.    \ 

1 

0.44 

Nov. 
0.7D 

Dec. 

1 

1.30 

0.66 

0.40 

0.44 

0.70 

2 

2.30 
2.35 

1.40          .70 
1.30        1.00 

.47  ' 

.47 
.46 

.44           .44 
.44  1        .44 

.70 
.70 

.70 

3 

.70 

4 

2.25  ] 

1.20 

1.00 

.50  1 

.46 

.44  1        .44 

.70 

.70 

5 

2.20  ' 

1 

2.30 

1.15 
1.20 

.75 
.75 

.50  i 
.47 

.46 
.46 

.44           .44 
.44           .44 

.70 
.70 

.70 

6 

.7u 

7 

1.94 
1.93 

1.20 
1.10 

.75 
.80 

.47  , 
.50 

.47 
.46 

.44           .45 
.44           .46 

.70 
.75 

.70 

8 

.70 

9 

— 

1.90 

1.00 

.70 

.50 

1 

.46 

.44           .50 

.70 

.70 

10 

■  '  "  ■  1 

1.90 

1.00           .65 

.4- 

.45 

.44           .50 

.70 

.70 

11 

1.95 

1.20         .r>o 

.47 

.45 

.44           .60 

.70 

.75 

12 

1.98 

1.00           .55 

.46 

.45 

.44 

.60 

.70 

.  7.'» 

13 

1.60 

.90           .60 

.47 

.45 

.44 

.60 

.70 

.7n 

14 

1.70 

.90 

.55 

.47 

.46 

.44 

.60 

.70 

.7ft 

l.'i.. 

1.90 
2.00 

.80 
.80 

.43 
.50 

.47 

.46 

.45 

.44 

fin 

.70 
.70 

^^ 

16 

.50 

.44           .65 

.V, 

17 

1.70  ' 

.  1 1 

.50 

.60  , 

.15 

.44           .66  1 

.70 

.SO 

18 

1.70 

.77 

.50 

.50 

.44 

.44           .70  , 

.70 

.s.'» 

19 

1.50 

.80           ..W 

.50 

.44 

.44           .70 

.70 

.s.-> 

20 

1.30 

.85  ,         .45 

..'JO 

.4i 

,        .44           .70 

.75 

.>v.*> 

21 

1.30  ' 

.77 

.45 

.50 

.43 

1        .44           .70 

1                               ■ 

.75 

.S'. 

22 

1.70  i 

.70  ■        .45 

.47 

.43 

1        -^l        -^ 

.75 

.K,-, 

23 

1.70 

.70           .40 

.47 

.43 

1        .44           .70 

.  75 

.K.S 

24 

1.50 

.55           .40 

.47 

.43 

.44,        .70" 

.67 

.N-| 

2.> 

1.50 

.40           .40 

.50  , 

.43 

1        .44           .70 

.70 

.X) 

26 

1.40  , 

.40  1        .90 

1 
.50 

.44 

.44           .70 

.70 

.«> 

27 

1.40  ' 

.40 

.40 

.50 

.44 

.44  '        .70 

.70 

.•« 

28 

1.45 

.60 

.35 

.50  I 

.44 

1        .44           .70 

.70 

.<#» 

29 

1.40 
1.40 

.35 

40 

.50 
.50 

.44 
.44 

.44  !        .65 
.44           .65 

.70 
.70 

QS 

:iO 

•       1 

.50           .40 

-'.^^ 

31 

.50 

.47 

.44 

.65 

>  •  •  ■ 

.99 
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Rating  tabUfor  Hangman  Creek  {North  Fork)  at  Tekoa^  Waah.ffrom  April  H  to  December  31, 

190^. 


• 

Gage 
height. 

Discbarge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet.  < 

Gage 
height. 

1 

Discharge. 
Second-feet. 

Feel. 

Second-feet. 

Feet. 

Second-feet. 

1 

1     Feet. 

1 

1     Feet. 

0.35 

0.1 

.80 

3.5 

1.25 

10.6 

1.90 

121 

.40 

.2 

.85 

4.0 

,     1.30 

13.0 

1 

2.00 

142 

.45 

.4 

.90 

4.6 

1     1.35 

16.4 

2.10 

163 

.50 

.7 

.95 

5.4 

1.40 

21.4 

2.20 

184 

.55 

1.0 

1.00 

6.2 

1.45 

29 

2.30 

205 

.60 

1.5 

1.05 

7.0 

1.50 

37 

■    2.40 

226 

.65 

2.0 

1.10 

7.8 

1.60 

58    ' 

.70 

2.5 

1.15 

8.6 

1.70 

79    , 

.75 

3.0 

1.20 

* 

9.4 

1.80 

100    ' 

t 

The  above  table  is  applicable  only  for  open-chaDnel  conditions.     It  is  based  upon  9  dis 
charge  measurements.     It  is  well  defined  between  gage  heights  0.30  foot  and  2.30  feet.    The 
table  has  been  extended  beyond  these  limits.     Above  gage  height  2.40  the  rating  curve  is 
a  tangent,  the  difference  being  22  per  tenth. 

Estimated  morUMy  discharge  of  Hangman  Creek  {North  Fork)  at  Tekoa,  Wash.,  for  1904- 


Discharge  in  second-feet. 


Month. 


April  2-30. 

May 

June 

July 

August 

September. 

October 

November. 
December. 


MauiQum. 


Total  in 


215 

21.4 

6.2 

1.5 

.5 

.4 

2.5 

3.0 

6.0 


The  period. 


Minimum. 


21.4 
.1 
.1 

.2' 
.3 
.4 
.4 
2.2 
2.5 


Mean. 

»cr»-iet5t. 

95.8 

5,510 

5.23 

322 

1.61 

96 

.62 

38 

.42 

26 

.40 

24 

1.61 

99 

2.57 

153 

3.57 

220 

6,488 


LITTLE    SPOKANE   RIVER    NEAR    SPOKANE,  WASH. 

This  station  was  established  August  3,  1903,  by  George  H.  Bliss. 
It  is  located  about  2  miles  above  the  mouth  of  the  river  at  the  second 
bridge  above  the  mouth.  It  is  9  miles  northwest  of  Spokane,  Wash., 
and  H  miles  northeast  of  what  is  known  as  the  "9-mile  bridge''  over 
Spokane  River.  The  wire  gage  is  located  on  the  upstream  side  of  the 
bridge.  The  center  of  the  pulley  is  105  feet  from  the  south  end  of 
the  bridge.     The  length  of  the  wire  from  the  end  of  the  weight  to  the 
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marker  is  13.25  feet.  This  distance  has  been  laid  off  on  the  upper 
surface  of  the  bottom  rail  near  the  gage  and  is  marked  by  copper 
tacks  inclosed  in  circles  of  black  paint.  These  marks  are  used  in 
checking  the  length  of  the  gage  wire.  The  gage  is  (•ead  once  each 
day  by  Mary  A.  Keenan.  Discharge  measurements  are  made  from 
the  upstream  side  of  the  bridge  to  which  the  gage  is  attached.  The 
initial  point  for  soundings  is  the  vertical  end  post  on  the  upstream 
side  of  the  bridge  at  the  south  approach.  The  channel  is  straight  for 
100  feet  above  and  150  feet  below  the  station.  The  current  is  swift. 
Both  banks  are  high,  covered  with  underbrush,  and  liable  to  overflow 
only  at  very  high  stages.  The  bed  of  the  stream  is  composed  of  clean 
gravel.  The  channel  is  broken  by  four  bridge  piers  and  has  a  width 
at  ordinary  stages  of  about  125  feet.  The  bench  mark  is  a  wire  nail 
driven  into  the  root  of  a  black  pine  tree  2  feet  in  diameter.  The  root 
is  on  the  north  side  of  the  tree  and  extends  toward  the  bridge.  It  is 
60  feet  distant  from  the  south  end  of  the  bridge.  The  tree  is  blazed. 
It  is  marked  ''B.  M."  with  black  paint.  The  bench  mark  has  an 
elevation  of  21.00  feet  above  gage  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Discliarge  measurements  of  Little  Spokane  River  near  Spokane,  Wash.,  in  190^. 


Date. 


Ilydrographer. 


March  3 G .  H .  Bliss 

April  19 '  W.  G.  Steward 

May  20 Steward  and  Murphy  . 


Width. 

Feet. 
134 

122 
102 


Area  of 
section. 


Mean 
veloi'lty. 


G 
heig 


ace 
ignt. 


Sq.  feet.  Ft.  per  sec. 

544  1.54 

801  3.02 

546  1. 56 


Feet. 
8.90 
10.98 

8.48 


Dis- 
cbarge. 


Sec-feet. 
83.S 
2,  416 
850 


Mean  daibj  gage  height,  in  feet,  of  Little  Spokane  River  near  Spokane,  Wash.,  for  1904. 


1 

2 
4 


i 

S. 

9 

II). 
II 
12 
l.S 
14 
1.") 
1(>. 


Dav 


Jan.      Fob.     Mar.      .\pr.     May.    June.    July.     Aug.     Sept.     Oct.   I  Nov.     D«* 


fi.OO 
6.60 
6.60 
0.65  ' 
6. 6K 
6.50  , 
6.60  ' 
6.  55 
(5. 62 
6.  70 
6. 6S 
6.70 
6.78 
6.78  ' 
6.  HO  - 

6.  SO  , 


6.68 
6.65 
6.57 
6. 65 
6.74 
6.<H) 
6. 75 
6.  SO 
6.70 
6..V) 
6.64 
6.70 
6.80 
6.75 
6.78 
6.76 


7.50 
7.35 
7.10 
7.10 
7.30 
7.55 
7.90 
S.60 

O.S,"! 

9.55 
9.40 
9.30 
9.25 
9. 30 
9. 25 


8.95 
8.94  ' 
8.91 
9.15 
9.56 
9.90  I 
10.20  I 
10.15 
10.05 
10. 20 
10.50 
10.85 
10.90  : 
11.00 
11.30  , 


10. 60 
9.82 
9.76 
9. 60 
9.62 
9. 55 
9.40 
9.35 
9.32 
9.21 
9.16 
9.00 
8.96 
8.84 
8,82 


9.30   "12.00       8.00 


7.33 

6.60 

6.10 

6.09 

6.10 

7.40 

6.50 

6.30 

6.15 

6.29 

7.50 

6.40 

6.20 

6.20 

6.30 

7.40 

6.70 

6.20 

6.15 

6.10 

7.45 

1 

7.35 

6.18 

6.20 

6.15 

7.60 

7.32 

6.30 

6.01 

6.23 

j     7.70 

7.40 

6.21 

6.04 

6.30 

7.04 

7.45 

6.20 

6.00 

6.05 

7.50 

7.32 

6.19 

6.01 

6.19 

7.34 

6.40 

6.24 

6.03 

6.18^ 

7.24 

6.45 

6.30 

6.10 

6.20 

7.10 

6.50 

6.20 

6.01 

6.19  ' 

7.00 

6.40 

6.17 

6.00 

6.20 

7.05 

6.20 

6.20 

5.99 

6.10 

6.85 

6.30 

6.15 

5.99 

6.23 

6.82 

6.40 

6.20 

6.01 

6.25  I 

6.35  6.30 

6.30  6.34 

6.29  6.20 
6.25  6.27 
6.18  6.2> 

6.24  6.19 

6. 30  6.  :a> 
6.20  6.2.'. 
6.30  6.  .34 
6.34  6.4(1 

6.  S.*!    

6.37    

6.30    

6.25    

6.40    

6.10  ' 


«  Highest  water  in  17  years,  according  to  observer. 
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Mean  daUy  gage  height ^  infetty  of  LiUle  Spokane  River  near  Spokane,  Wash. ,  for  1904.-^ 

Continued. 


Day. 

Jan. 

7.06 
7.10 
7.05 
6.85 
6.80 
6.80 
6.85 
6.67 
6.65 
6.65 
6.67 
6.71 
6.68 
6.78 
6.78 

Feb. 

6.90 
6.80 
6.70 
6.90 
6.70 
6.90 
7.50 
7.11 
7.15 
7.25 
7.40 
7.60 
7.60 



Mar. 

9.20 
9.15 
9.20 
9.20 
9.25 
9.15 
9.10 
9.05 
9.00 
8.85 
8.64 
8.73 
8,70 
9.00 
8.48 

Apr. 

17 

11.70 

18 

11.20 

19 

11.00 

20 

10.94 

21 

10.60 

22 

10.55 

23 

24 

10.42 
10.35 

25 

10.20 

26 

27 

10.07 
10.17 

2K 

10.00 

29 

9.95 

30 

10.00 

31 

May. 


8.76 

8.68 

8.53 

8.30 

8.15 

8.20 

8.13 

8.10 

8.00 

7.95 

7.90  , 

7.81 

7.70  i 

7.30 

7.28  ' 


June. 

6.75 
6.50 
6.60 
6.50 
6.50 
6.65 
6.70 
6.60 
6.55 
6.50 
6.45 
6.30 
6.35 
6.60 


July.  I  Aug. 


6.50 

6.40 

6.30 

6.45 

6.20 

6.32 

6.48 

6.32 

6.00 

6.15 

6.30 

6.20  ' 

6.20 

6.18  I 

6.15 


6.15 
6.20 
6.05 
6.16 
6.18 
6.15 
6.13 
6.17 
6.10 
6.08 
6.15 
6.12 
6.27 
6.13 
6.10 


Sept. 

Oct. 

Nov. 

Dec. 

6.00 

6.09 

6.29 

6.13 

6.10 

6.50 

6.00 

6.08 

6.27 

6.20 

6.00 

6.39 

6.25 

6.16 

6.40 

6.30 

6.39 

6.25 

6.20 

6.40 

6.30 

6.00 

6.20 

6.28 

6.29 

6.50 

6.30 

6.18 

6.48 

6.45 

6.23 

6.69 

6.30 

6.20 

6.29 

6.25 

6.10 

6.20 

6.29 

6.15 

6.15 
6.20 

6.34 

SINLAHEKIN   CREEK   NEAR   LOOMIS^    WASH. 

This  station  was  established  June  1 3, 1903,  by  Charles  E.  Hewitt.  It  ^ 
is  located  on  the  main  road  between  Loomis  and  Conconully,  Wash.,  3 
miles  from  Loomis  and  19  miles  from  Conconully.  The  gage  is  a 
vertical  staff  driven  into  the  ground  and  braced  to  the  gatepost  at  the 
northeast  comer  of  R.  A.  Garrett's  yard.  Mrs.  Mary  Garrett,  the 
observer,  reads  the  gage  once  each  day.  There  is  a  highway  bridge 
500  feet  north  of  Mr.  Garrett's  house,  but  discharge  measurements  are 
made  from  a  plank  footbridge  near  the  gage.  The  initial  point  for 
soundings  is  a  1  by  2  inch  iron  bar  15  feet  long  driven  flush  with  the 
ground  at  the  northeast  comer  of  the  main  part  of  Mr.  Garrett's 
house,  and  50  feet  from  the  gage.  The  channel  is  straight  for  20  feet 
above  and  for  50  feet  below  the  station.  Beyond  these  points  are 
lai^e  bends  in  the  stream.  The  right  bank  is  low  for  about  15  feet 
back  from  the  water's  edge.  Beyond  this  point  it  is  not  subject  to 
overflow,  as  it  rises  more  abruptly.  The  water's  edge  is  covered  with 
shrubbery.  The  left  bank  is  low  grass  land,  subject  to  overflow.  The 
bed  of  the  stream  is  a  gravelly  clay  or  loam,  and  is  quite  stable.  The 
bench  mark  is  the  top  of  the  iron  bar  used  as  the  initial  point  for 
sounding.     Its  elevation  is  11.40  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 
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Mean  daUy  gage  height^  in  feet,  ofSifdahekin  Creek  near  Loomis,  Wash.,  for  1904. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.5 
2.5 
2.5 
2.6 
2.8 
2.7 
2.6 
2.6 
2.6 
2.6 
2.8 
2.8 
2.5 
2.5 
2.6 
2.6 
2.6 
2.6 
2.7 
2.8 
2.8 
2.8 
2.7 
2.6 
2.6 

3.0 
3.0 
3.2 
3.2 
3.3 
3.0 
2.8 
2.8 
2.8 
3.0 
3.5 
4.0 
3.8 
3.7 
3.6 
3.5 
3.4 
3.4 
3.4 
3.0 
3.5 
3.6 
3.6 
3.6 
3.6 
3.7 
3.5 
3.3 
2.8 

2.7 
2.6 
2.6 
2.6 
2.5 
2.4 
2.4 
2.6 
3.0 
2.6 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.5 
2.7 

2.9 
3.2 
3.5 
3.5 
3.5 
3.3 
3.0 
2.0 
2.9 
2.9 
3.0 
3.3 
3.8 
4.0 
4.7 
7.3 
7.6 
6.8 
6.7 
6.8 
6.8 
7.2 
7.2 
7.0 
6.7 
6.8 
7.0 
7.7 

(«) 
8.0 

7.7 
7.5 
7.5 
7.4 
7.3 
6.9 
6.7 
6.7 
6.6 
6.6 
6.6 
6.6 
6.5 
6.6 
6.8 
6.9 
7.0 
7.0 
7.1 
7.3 
7.6 
7.6 
7.5 
7.4 
7.0 
6.7 
6.6 
6.5 
6.4 
6.3 
6.0 

6.0 
5.9 
5.8 
5.8 
5.8 
5.7 
5.6 
5.5 
5.3 
5.2 
5.0 
4.8 
4.8 
4.5 
4.5 
4.4 
4.4 
4.5 
5.8 
4.8 
4.6 
4.4 
4.2 
4.1 
4.0 
3.9 
3.8 
3.7 
3.6 
3.6 

3.6 
3.5 
3.4 
3.4 
3.3 
3.2 
3.2 
3.3 
3.2 
3.2 
3.1 
3.5 
3.0 
3.0 
3.0 
3.2 
3.1 
3.0 
3.0 
2.9 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.7 
2.7 
2.7 
2.7 

2.7 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.6 
2.7 
2.7 
2.6 

2.6 
2.6 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
.2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.6 
2.5 
2.5 
2.6 
3.3 
3.6 
3.0 
2.9 
2.8 
2.8 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2,7 
2.7 
2.7 

2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2JB 
2.9 
3.0 
3.0 
2.9 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 

2.8 

2 

2.8 

3 

2.8 

4 

2.8 

6 

2.8 

6 

2.7 

7 

2.7 

8 

2  7 

0 

2.7 

10 

2.7 

11 

2.7 

12 

2.7 

13 

2.7 

14 

2.7 

15 

2.7 

16 

2.7 

17 

2.7 

18 

2.7 

19 

2.7 

20 

2.7 

21 

2.7 

22 

2.7 

23 

2.7 

24 

2.7 

25 

2.7 

26 

2.7 

27 

2.7 

28 

2.7 

29 

30 

31 

18 
2.8 
2.7 

a  Water  above  gage. 

Rating  table  for  Sirdahekin  Creek  near  Loomis,  Wash.,  from  June  13,  1903,  to  December  31, 

190J^. 


Gage 
leight. 


heig 


Feet. 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 


Discharge. 


Second-feet. 
4.5 
5 

5.5 
6 

6.5 
7 
8 
9 


Gage 
height. 


Feet. 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 


Discharge. 

8ec<ynd-feet. 
11 
13 
16 
19 
22 
25 
28 
31 


Gage 
heignt. 


Feet. 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 


Discharge. 

hei^t. 

Second-feet, 

Feet. 

34 

3.90 

37 

4.00 

41 

4.10 

45 

4.20 

49 

4.30 

53 

4.40 

57 

4.50 

Discharge. 

Second-feet. 
62 
66 
72 
77 
82 
87 
92 


The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  upon  4  dis- 
charge measurements  made  during  1903.    It  is  well  defined  between  gage  heights  2.40  feet 
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and  4.10  feet.    The  table  has  been  extended  beyond  these  limits.    Above  gage  height  3.90 
feet  the  rating  curve  is  a  tangent,  the  difference  being  5  per  tenth. 

EtHmaUd  mmUhly  discharge  ofSirdahekin  Creek  near  Loomis,  Wash.,  for  1904- 


Month. 


Discharge  in  aeconc 
Maximum.     Minimum. 

Meet. 
Mean. 

Total  in 
acre-feet. 

22 

11 

15.8 

972 

66 

22 

39.2 

2,255 

28 

11 

13.3 

818 

266 

25 

133 

7,914 

251 

166 

21.3 

1,310 

166 

49 

106 

6,307 

49 

19 

29.4 

1,808 

19 

13 

14.3 

879 

16 

13 

13.2 

786 

49 

13 

19.1 

1,174 

28 

22 

22.1 

1,315 

22 

266 

19 

19.2 

1,181 

11 

37.2 

26,720 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October , 

November 

December 

The  year 


JOHNSON    CREEK    NEAR   RIVERSIDE,  WASH. 

This  station  was  established  by  T.  A.  Noble,  May  30,  1903.  It  is 
located  at  Sogle's  ranch,  on  the  road  from  Riverside  to  ConconuUy, 
1  mile  from  Riverside  and  17  miles  from  Concoriully.  The  equipment 
consists  of  a  sharp  crested  weir  with  an  8-foot  opening  and  vertical 
sides.  Below  the  level  of  the  crest  the  weir  consists  of  two  2-inch 
pine  planks,  12  inches  wide,  securely  spiked  together.  Above  the 
crest  on  each  end  are  two  planks  12  inches  wide,  which  form  the 
ends  of  the  weir.  The  edges  of  the  crest  and  ends  are  one-fourth 
inch  wide  and  beveled  on  the  downstream  side  to  an  angle  of  60^. 
The  pool  above  the  weir  is  10  feet  long,  10  to  15  feet  wide,  and  1 
foot  deep  below  the  crest.  The  water  has  a  fall  of  about  1  foot 
after  passing  the  weir  and  then  flows  rapidly  away. 

The  depth  of  water  on  the  crest  is  determined  by  a  hook  gage  and 
vernier  reading  to  thousandths  of  a  foot.  The  zero  on  the  gage  is 
level  with  the  crest  of  the  weir.  Readings  are  made  once  each  day  by 
S.  Sc^le.  The  right  bank  of  the  stream  is  low  for  10  feet  back  from 
the  water's  edge  and  then  it  rises  more  abruptly.  The  left  bank  is 
steep  and  rocky.  The  bed  of  the  creek  is  composed  of  small  gravel. 
Bench  mark  No.  1  is  the  top  of  the  fence  post  opposite  the  weir.  lis 
elevation  is  19.12  feet  above  gage  datum.  Bench  mark  No.  2  is  a  nail 
driven  into  a  stake  3  feet  northwest  of  the  weir.     Its  elevation  is  0.29 
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foot  above  gage  datum.     The  weir  was  destroyed  July  30,  1904,  and 
the  station  discontinued. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Mean  daily  gage  height ,  in  feet,  of  Johnson  Creek  near  Riversidef  Wash.^  for  1904.. 


Day. 

Jan. 

0.38 
.37 
.38 
.38 
.37 
.38 
.39 
.40 
.40 
.41 
.43 
.38 
.39 
.39 
.41 
.44 
.43 
.41 
.32 
.37 
.35 
.36 

Feb. 

0.32 
.31 
.32 
.32 
.32 
.38 
.38 
.34 
.31 
.31 
.32 
.33 
.34 
.24 
.30 
.34 
.34 
.35 
.38 
.38 
.37 

Mar. 

0.40 
.39 
.36 
.40 
.40 
.40 
.45 
.44 
.44 
.45 
.50 
.50 
.51 
.50 
.47 
.46 
.46 
.45 
.45 
.45 
.50 
.52 
.52 
.50 
.49 
.49 
.48 
.51 
.57 
.53 
.61 

Apr. 

0.62 
.65 
.68 
.74 
.77 
.78 
.71 
.68 
.65 
.60 
.70 
.67 
.67 
.67 
.76 
.78 
.74 
.71 
.78 
.78 
.79 
.79 
.79 
.73 
.72 
.72 
.68 
.64 
.60 
.66 

May. 

0.68 
.66 
.62 
.63 
.63 
.61 
.65 
.63 
.60 
.61 
.61 
.59 
.55 
.54 
.52 
.52 
.50 
.48 
.47 
.46 
.44 
.45 
.48 
.48 
.49 
.48 
.46 
.47 
.45 
.43 
.44 

1 
June. 

0.44 
.48 
.48 
.47 
.46 
.46 
.46 
.45 
.43 
.43 
.45 
.45 
.44 
.44 
.42 
.43 
.42 
.54 
.56 
.48 
.48 
.47 
.49 
.48 
.47 
.48 
.50 
.51 
.49 
.48 

;  July. 

1 

0.45 

2 

.48 

3 

.45 

4 

.42 

5 

.42 

6...» 

.44 

7 

.44 

8 

.45 

9 

.45 

10 

.46 

11 

.46 

12 

.46 

13 

.46 

14 

.48 

15 ". 

.52 

16 

..W 

17 

.52 

18 

.50 

19 

.49 

20 

.48 

21 

.4H 

22 

.4Ji 

23 

.36  >        .33 
.36           -Xi 

.45 

24 , 

.45 

25 

.M 

.37 

.44 

26 

.34           .39 
.33           .40 

.44 

27 

.44 

38 

.32 
.33 
.32 

.40 
.39 

.45 

29 

.4S 

30 

a.  45 

31 

.32' 

>  Estimated. 

«.4.5 

1 

Rating  table  for  Johnson  Creek  near  Riverside  ^  Wash.y  from  May  29  to  December  Sl^  1904.^ 


Gase 
heignt. 


Feet. 

0.1 

.2 

.3 


Discharge. 

Gage 
height. 

1 
Second-feet. 

Feet. 

0.9 

0.4 

2.4 

.5 

4.4 

.6 

Second-fret. 
6.7 
9.3 
12.2 


heigS.    :  I>i«charge. 


Feet. 

0.7 

.8 

.9 


Second-feet. 
15.3 
18.7 
22.3 


G 
heigl 


affe 
teht. 


Discharge. 


Feet. 
1.0 

Second-feet. 
26.^ 

o  The  computations  for  the  rating  table  were  based  on  the  formula  for  contracted  weirs, 
Chige  heights  give  directly  depth  of  water  over  weir. 
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EgUmaUd  monthly  discharge  of  Johnson  Creek  near  Riverside  ^  Wash.,  for  190J^ 


Month. 

Dlachargp  in  aecond-feet. 

ToUlin 

Maximum. 

Minimum. 

Mean. 

acre-fe«t. 

Jftfiuftiy 

7.7 
6.7 
12.5 
18.4 
14.7 
11.0 
9.9 

4.9 
3.2 
5.8 
12.8 
7.5 
7.2 
7.2 

6.10 
5.47 
8.58 
15.9 
10.4 
8.48 
8.33 

375 

February 

315 

March 

528 

April 

946 

May 

640 

jMMmmj  .................................. 

June 

505 

July 

512 

mf        -------P- 

1 
1 

The  period 

3,821 

1 

■ 

SALMON    CREEK   NEAR   MALOTT,  WASH. 

This  station  was  established  April  11,  1903,  by  T.  A.  Noble.  It  is 
located  opposite  R.  D.  Jones's  house,  which  is  on  the  county  road  half- 
way between  Malott  and  ConconuUy,  Okanogan  County.  It  is 
reached  by  way  of  the  Great  Northern  Railway  to  Wenache,  thence 
by  way  of  the  Columbia  River  steamers  to  Brewster,  and  by  the  Con- 
conuUy stage  from  Brewster  to  Jones's  ranch.  The  gage  is  vertical 
and  consists  of  a  1  by  6  inch  board  graduated  to  feet  and  inches,  and 
fastened  to  a  small  alder  tree  on  the  left  bank  of  the  river  opposite  the 
house  of  the  observei",  R.  D.  Jones,  who  reads  the  gage  once  each  day. 
Discharge  measurements  are  made  from  the  footbridge  just  above  the 
gage.  The  initial  point  for  soundings  is  a  large  nail  driven  in  a  birch 
hub,  8  inches  in  diameter  and  2  feet  long,  4  feet  east  of  the  bridge  and 
14  feet  north  of  the  gage.  Ijt  is  on  the  left  bank,  7  feet  from  the 
water's  edge  at  ordinary  stages.  The  channel  is  straight  for  100  feet 
above  and  for  200  feet  below  the  station.  There  are  rapids  at  the 
bend  in  the  river  100  feet  above  the  station  and  at  another  bend  300 
feet  below  the  station.  The  current  is  swift.  The  right  bank  is  low 
and  will  overflow  for  about  100  feet,  at  which  point  it  becomes  steep. 
The  left  bank  is  low  and  may  overflow  for  200  feet  at  extreme  flood 
stages.  Both  banks  are  without  trees  or  brush  with  the  exception  of 
a  fringe  of  alder  at  the  water's  edge.  The  bed  is  rocky  at  the  center 
and  sandy  along  the  banks.  It  is  without  vegetation  except  near  the 
banks.  The  bench  mark  is  the  initial  point  for  soundings.  Its 
elevation  is  4.58  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 
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STREAM   MEASUREMENTS   IN   1904,  PART   XII. 


[NO.  185. 


Digckarge  meaguremerUa  ofSalmcn  Greek  near  MatoU,  Wath.^  in  1904- 


Date. 

Hydrograpber. 

Width. 

Feet. 
18 
21 

Area  of 
section. 

Mean 
velocity. 

Ft.persec. 
0.62 
1.17 

0809 

height. 

Feet. 
0.82 
1.12 

Dia- 
charge. 

March  23 

G.H.BUss 

Sq.  feet. 
28 
33 

atc.'feei. 
17 

July  2 

W .  W.  Schlecht 

38 

Mean  daUy  gage  height ,  in  feet,  of  Salmon  Creek  near  MaloU,  Wash.,  far  1904* 


Day. 

Jan. 

Feb. 

Mar. 

0.65 
.58 
.67 
.79 
.74 
.75 
.77 
.83 
.81 
.77 
.79 
.75 
.69 
.75 
.71 
.99 

1.00 
.99 
.92 
.81 
.85 
.83 
.82 
.67 
.64 
.62 
.67 
.09 
.82 
.75 
.79 

Apr. 

May. 

3.12 
3.18 
3.17 
3.00 
2.34 
2.44 
2.54 
2.58 
2.59 
2.57 
2.54 
2.58 
2.60 
2.60 
2.75 
2.71 
2.67 
2.71 
2.79 
2.83 
3.04 
3.21 
3.08 
2.92 
2.75 
2.79 
2.75 
2.71 
2.67 
2.58 
2.59 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

0.71 
.93 
.83 
.69 
.67 
.85 
.83 
.60 
.72 
.79 
.67 
.83 
.71 
.81 
.67 
.83 
.87 
.67 
.83 
.58 
.71 
.80 
.79 
.79 
.79 
.73 
.75 
.67 
.79 
.71 
.71 

0.67 
.75 
.77 
.75 
.71 
.67 
.09 
.75 
.58 
.09 
.67 
.75 
.67 
.77 
.75 
.77 
.79 
.75 
.74 
.69 
.09 
.75 
.69 
.75 
.67 
.71 
.73 
.79 
.69 

0.82 
.87 
.96 
1.02 
1.00 
1.08 
1.04 
1.06 
1.17 
1.30 
1.42 
1.54 
1.70 
2.83 
2.53 
2.09 
2.58 
2.50 
2.54 
2.67 
2.75 
2.96 
2.75 
2.75 
2.71 
2.94 
3.28 
3.58 
3.63 
3.27 

2.67 
2.50 
2.54 
2.52 
2.50 
2.63 
2.58 
2.33 
2.33 
2.21 
2.15 
2.06 
2.04 
2.06 
2.10 
2.06 
2.06 
2.21 
2.38 
2.13 
2.04 
1.94 
1.83 
1.79 
1.76 
1.75 
1.72 
1.69 
1.67 
1.64 

1.66 

1.56 

1.54 

1.50 

1.46 

1.48 

1.42 

1.49 

1.42 

1.38 

1.29 

1.29 

1.23 

1.21 

1.19 

1.23 

1.21 

1.18 

1.17 

1.00 

1.08 

1.04 

1.00 

.99 

.98 

1.00 

.92 

.91 

.92 

.90 

.88 

0.84 
.85 
.83 
.77 
.75 
.77 
.74 
.67 
.83 
.82 
.88 
1.00 
1.04 
1.00 
.99 
.96 
.94 
.96 
.92 
.96 
.94 
.93 
.94 
.96 
.83 
.88 
.83 
.83 
.85 
.88 
.92 

0.91 
.94 
.92 
.91 
.85 
.82 
.79 
.75 
.75 
.79 
.77 
.79 
.75 
.79 
.77 
.75 
.76 
.75 
.09 
.74 

.n 

.71 
.75 
.71 
.67 
.09 
.67 
.71 
.62 
.58  ; 

0.67 

.71 

.66 

.60 

.60 

.67 

.63 

.60 

.67 

.09 

1.33 

1.27 

1.29 

1.00 

.96 

.88 

.92 

.94 

.87 

.a 
.» 
.n 

.83 
.79 
.79 
.82 
.83 
.79 
.77 
.79 

.81 

1 

0.82 
.83 
.83 
.83 
.82 
.82 
.83 
.83 
.83 
.82 
.81 
.82 
.83 
.83 
.94 
.98 
1.02 
1.00 
.92 
.92 
.91 
.02 
.90 
.90 
.89 
.89 
.88 
.88 
.87 
.80 

0.87 

2 

.85 

3 

.85 

4 

.84 

5 

.84 

6 

.83 

7 

.83 

8 

.83 

9 

.84 

10 

.84 

11 

.83 

12 

.83 

13 

.84 

14 

.84 

15 

.85 

16 

.84 

17 

.84 

18 

.83 

19 

.83 

20 

.82 

21 

.80 

22 

.79 

23 

.75 

24 

.71 

25 

26 

27 

28 

29 

30 

31 

ROW.  WHI.«TLER 
AND  NOBLE 


I'^'l        COLUMBIA    RIVER    DRAINAGE    BASIN. 


65 


Rating  table  for  Salmon  Creek  near  MaloU^  Wash.y  from  January  1  to  December  31,  J904. 


'      Gage 
height. 

Feet. 

Dtacharge. 
Second-feet. 

Gage 
height. 

Feet. 

Discharge. 

Gage 
height. 

Feet. 

1 
Discharge.  ' 

Gage 
height. 

Feet. 

Discharge. 

1 
Second-feet. 

Second-feet. 

Second-feet. 

0.6 

11 

1.3 

57 

2.0 

166 

2.6 

292 

.7 

13 

1.4 

71 

2.1 

183 

2.7 

318 

.8 

16 

1.5 

86 

2.2 

202 

2.8 

345 

.9 

20 

1.6 

102 

2.3 

222 

2.9 

373 

1.0 

27 

1.7 

118 

2.4 

244 

3.0 

401 

1.1 

35 

1.8 

134 

2.5 

267     ' 

3.1 

429 

1.2 

45 

1.9 

150 

The  above  table  is  applicable  for  open-channel  conditions  only.  It  is  based  on  discharge 
mea-Hurements  made  during  1903  and  1904.  It  is  well  defined  between  0.85  foot  and  3.14 
feet  gage  height.     It  has  been  extended  below  0.85  foot. 

Estimated  monthly  discharge  of  Salmon  Creek  near  Afalott,  Wash.,  for  lOOJ^. 


Discharge  in  second-feet. 


Month. 


Maximum.     Minimum. 


Mean. 


Total  in 
acre-feet. 


January. . 
February. 

March 

April 

May 

June 

July 


August 

September 

October. . .". 

November 

December  (1-24). 

The  period. 


22 

r 

11 

14.7 

904 

10 

11 

13.  5 

777 

27 

11 

15.7 

965 

577 

17 

224. 

13,  ;«o 

451 

231 

332. 

20,410 

310 

108 

195. 

11,600 

112 

19 

51.1 

3,  142 

30 

12 

20.0 

1,230 

22 

11 

15.1 

898 

61 

11 

20.1 

1,23() 

29 

1() 

19.3 

1,148 

19 

13 

17.2 

819 

56,460 

METHOW    RIVER    NEAR   PATEROS,    WASH. 

Methow  River  has  its  source  in  the  Cascade  Mountains  near  the 
boundary  line  between  the  United  States  and  Briti.sh  Columbia,  and 
flows  in  a  southeast  direction  into  Columbia  River.  The  stream  is  a 
very  rapid  one,  and  is  at  present  used  to  a  considerable  extent  for 
irrigation  purposes. 

The  gaging  station  was  originally  established  May  3,  1903,  by  T.  A. 
Noble,  and  was  located  upon  a  highway  bridge  about  1 ,000  feet  above 
the  mouth  of  the  river.     The  first  two  measurements  were  taken  from 
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this  bridge-  During  the  summer  of  1903  this  bridge  was  washed 
away,  and  a  temporary  bridge,  400  feet  farther  down  stream  was  used 
in  making  the  measurement  of  March  20,  1904. 

During  the  spring  of  1904,  this  bridge  was  ako  abandoned  because 
of  its  temporary  nature  and  the  poor  section  at  this  point,  and  a  cable 
station  was  established  about  a  mile  above  the  mouth  of  the  river 
where  a  very  good  section  exists  for  taking  measurements,  except  at 
the  highest  stage  of  the  river.  At  such  times  the  current  at  the  sta- 
tion becomes  too  swift  to  measure,  and  it  is  necessary  to  use  a  boat 
farther  down  the  stream,  where  the  backwater  from  Columbia  River 
retards  the  current. 

The  gage  is  located  about  500  feet  below  the  cable,  and  above  any 
effect  of  backwater  from  Columbia  River.  It  is  fastened  between 
two  pine  trees  on  the  left  bank.  The  lower  section  is  inclined  and 
reads  from  0  to  10  feet.  The  upper  section  is  vertical  and  reads  from 
10  to  19  feet.  Both  sections  are  divided  into  feet  and  tenths.  All 
gage  heights  given  below  and  all  discharge  measurements  are  referred 
to  this  gage.  A  secondary  gage  is  in  place  at  the  cable  to  be  used  by 
the  hydrographer  at  the  time  of  measurement,  to  assist  in  computing 
areas. 

Both  banks  at  the  station  are  high  and  not  liable  to  overflow.  The 
bed  of  the  stream  is  covered  with  small  bowlders  and  gravel  and  is 
liable  to  slight  changes.  The  initial  point  for  soundings  is  a  cross 
marked  ''I.  P.''  on  rock  about  10  feet  back  of  shear  legs  on  left  bank. 

Bench  mark  No.  1  is  a  United  States  Geological  Survey  standard 
iron  post  in  front  of  Ives  Hotel,  at  Pateros,  Wash.  Its  elevation  is 
26.05  feet  above  zero  of  the  gage  and  780  feet  above  sea  level.  Bench 
mark  No.  2  is  the  top  of  a  large  white  stone,  marked  *'  B.  M.,*'  which  Ls 
30  feet  northeast  of  gage  board  on  left  bank.  Elevation  of  the  highest 
point  is  15.20  feet  above  gage  datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 


Discharge  measurements  ofUetkow  River  near  Pateros,  Wash.,  in  1904- 
Date.  ITydrographer. 


Width. 


I 

I   Area  of         Mean 
section,      velocity, 


T)is- 


Maroh2()« O.  H.  Bliss.... 

June  \0t> W.  G.  Steward 


July  1  . . 
July  :iO  '> 


C.  M.  Hurlburt 
W.  G.  Steward. 


Fret. 

I  66 

250 
245 

'         170 


Sq.  feet.     Ft.  per  frc. 
124  3. 82 

I 

2,631  I        2.77 

2,041  '        3.81 

534  2.56 


Gase 
height.       charpc. 


Ffft.        Sfc.-frrt. 
4.20  '  474 

8. 80  7.  2!J3 
8.60  ,  7.  7iX> 
5.39*      i.:*vs 


a  Made  at  temporary  bridge. 


bMade  at  new  cable  station. 
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Day. 


1. 
2. 


Jan. 


4.60 
4.55 
4.50 


4 

4.50 
4.50 

J 

6 

4.50 

•• 

4.55 

8 

4.55 

9 

4.55 

10 

4.50 

11 

4.50 

12 

4.50  ' 

13 

4.50 

14 

4.50 

15 

4.55 

16 

4.55 

17 

4.55 

18 

4.55  < 

19 

4.50 

20 

4.30 

21 

4.30 

22 

4.30 

23 

4.45 

24 

4.40 

25 

4.40 

26 

4.40 

27 

4.40 

28 

4.10 

•29 

4.40 

30 

4.30 

31 

4.30  ' 

1 

4.30 

4.35  , 

4.45  ^ 

4.50  ' 

4.50  I 

4.50  ' 

4.50 

4.45 

4.40 

4.40 

4.45 

4.56 

4.50 

4.60 

4.60 

4.55 

4.50 

4.50 

4.45 

4. -15 

4.45 

4.40 

4.40 

4.40 

4.35 

4.35 

4.35 

4.35 

4.30 


4.30 
4.30 
4.25 
4.25 
4.25 
4.25 
4.25 
4.25 
4.25 
4.25 
4.25 
4.25 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 


Apr. 

4.20 
4.20 
4.25 
4.25 
4.30 
4.35 
4.40 
4.45 
4.50 
4.65 
4.90 
5.40 
6.25 
7.00 
8.20 
8.70 
8.50 
8.30 
8.40 
8.40 
8.50 
8.45 
8.40 
8.15 
8.10 
8.05 
8.45 
0.30 
10.00 
9.65 


May. 

0.00 
8.75 
8.50 
8.40 
8.30 
8.06 
7.85 
7.75 
7.60 
7.60 
7.60 
7.60 
7.65 
7.90 
7.90 
8.00 
8.10 
8.30 
8.50 
0.10 
9.80 
10.00 
11.00 
10.50 
9.50 
9.25 
9.00 
9.20 
9.60  > 
9.50  I 
9.30  ! 


June. 

9.30 

9.25 

9.20 

9.15 

9.30 

9.50  i 

9.60 

9.20 

8.75 

8.85 

8.50 


July. 


8.50 

8.50 

8.50 

8.20 

8.20 

8.15 

9.90 

9.40 

9.10 

8.50 

8.20 

7.10 

7.60 

7.40 

7.80 

8.20 

8.50 

8.50 

8.50 

8.50 

8.60 

8.20 

8.20 

8.10 

8.10 

8.20 

7.90 

7.60 

7.40 

7.30 

7.20 

6.90 

6.55 

6.40 

6.25 

6.10 

6.00 

5.90 

5.90 

5.90  ■ 

5.85 

5.85 

5.80 ; 

5.70 
5.60 
5.60 
5.55 
5.50 
5.40 
5.35 


Aug.  I  Sept. 


5.30 
5.30 
5.20 
5.15 
5.15 
5.10 
5.10 
5.05 
5.05 
4.95 
4.85 
4.80 
4.80 
4.75 
4.70 
4.70 
4.70 
4.70 
4.65 
4.60 
4.60 
4.55 
4.55 
4.50 
4.40 
4.40 
4.40 
4.40 
4.65 
4.60 
4.55 


4.50 
4.50 
4.45 
4.45 
4.45 
4.40 
4.40 
4.35 
4.30 
4.30 
4.30 
4.30 
4.30 
4.25 
4.25 
4.25 
4.20 
4.20 
4.20 
4.15 
4.15 
4.20 
4.25 
4.25 
4.20 
4.20 
4.15 
4.15 
4.10 
4.10 


Oct.     Nov. 


4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.50 
4.50 
4.40 
4.30 
4.30 
4.30 
4.25 
4.25 
4.25 
4.25 
4.25 
4.20 
4.20 
4.20 
4.15 
4.15 
4.15 
4.15 
4.15 
4.15 
4.15 
4.15 


4.15 
4.15 
4.15 
4.15 
4.15 
4.15 
4.15 
4.15 
4.15 
4.15 
4.15 
4.15 
4.15 
4.15 
4.15 
4.20 
4.20 
4.25 
4.20 
4^ 
4.25 
4.30 
4.30 
4.30 
4.30 
4.30 
4.25 
4.25 
4.2U 
4.20 


Dec. 

4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.25 
4.25 
4.20 
4.20 
4.15 
4.10 
4.05 
4.05 
4.a5 
4.05 
4.00 
3.90 
3.85 
4.05 
4.10 
4.15 
4.15 
4.15 


Baling  tahUfor  Me&aw  River  near  Paieros,  Wash.,  from  June  17, 1903,  to  December  SI,  1904.. 


;e 
t. 


Feei. 
3.80 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 
5.10 
5w20 


Discharge. 

.     OaK© 
height. 

Discharge. 
Second-feet. 

Oage 
hd^t. 

Feet. 

Discharge. 
Seeondr/eet. 

Gag© 
height. 

Discharge. 
Second-feet. 

Seamdrfeel. ' 

Feet. 

Feet. 

345  ; 

5.30 

1,250 

6.80 

3,320 

8.40 

6,420 

365 

5.40 

1,360 

6.90 

3,500 

8.60 

6,840 

390 

5.50 

1,475 

7.00 

3,680 

8.80 

7,260 

420 

5.60 

1,505 

7.10 

3,860  1 

9.00 

7,680 

460 

5.70 

1,720 

7.20 

4,040 

9.20 

8,100 

505 

5.80 

1,850 

7.30 

4,220 

9.40 

8,520 

555 

5.90 

1,980 

7.40 

4,400 

9.60 

8,940 

605 

6.00 

2,110 

7.50 

4,580 

9.80 

9,360 

665 

6.10 

2,240 

1      7.60 

4,780  , 

10.00 

9,780 

725 

6.20 

2,370 

7.70 

4,980 

10.20 

1 

JO,  200 

790 

6.30 

2,510 

7.80 

5,180 

10.40 

10,620 

865 

6.40 

2,670 

7.90 

5,380  ' 

'         1 

10.60 

11,040 

950 

6.50 

2,830 

8.00 

5,580 

10.80 

11,460 

1,045 

6.60 

^,  990  1 

8.20 

6,000 

11.00 

11,880 

1,145 

6.70 

3,150 
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Tlic  proceeding  table  is  applicable  only  for  open-channel  cx)ndition8.  It  is  based  upon  7 
discharge  measurements  made  during  1903  and  1904.  The  table  has  been  extended 
beyond  these  limits.  Above  gage  height  8.00  feet  the  ratmg  curve  is  a  tangent,  the  dif- 
ference being  210  per  tenth. 

Estimated  tnonthly  discharge  ofMeihow  River  near  PaieroSf  Wash.,  for  1903  and  1904- 


Month. 


June  17-30. 


1903. 


July 

August 

SeptomlxT. 
October. . . 
Noveml)er. 
Decemljer. 


Maximum 


Discharge  in  second-feet. 
Minimum. 


13,140 
6,630 
1,707 
1,045 
1, 145 
1, 145 
950 


7,260 
1,746 
790 
665 
790 
769 
665 


ToUl  in 
acre^fect. 


Mean. 


The  period. 


1904. 


January. . 
February. 

March 

April 

May 

June 


10,020 
3,230 
1,129 
830 
984 
942 
790 


July 

a.* 

August 

Septemlx^r. 
October. . . 
November. 
December. 


665 

665 

505 

9,780 

11,880 

9,  570 

6,840 

1,250 

605 

605 

505 

480 


505 

505 

460 

460 

4,780 

3,860 

1,305 

555 

420 

420 

440 

355 


588 

578 

469 

4,101 

7,018 

6,945 

3,353 

806 

496 

463 

460 

439 


278,  :»o 
198.600 
69,  42<) 
49, :»() 
60,500 
56,  (IH) 

48,  .VSO 

760,  StX) 

36,  UV) 
33, 2.=50 
28,K|0 

244,001) 
431,  .tOO 
413.:«)0 
206,200 

49.  .tOO 
29,510 
28,  470 
27, 370 
26,900 


The  year 11,880 


355 


2, 143     I,  555,  OOi) 


CHELAN    RIVER    BELOW   LAKE    CHELAN,    WASHINGTON. 

The  Chelan  is  a  short  river,  being  only  about  4  miles  in  length.  It 
coniR^cts  Lake  Chelan  with  Columbia  River,  entering  the  latter  at 
Chelan  Falls.  It  is  valuable  principally  for  the  water  power  that  can 
be  developed  upon  it. 

A  station,  to  determine  the  flow  from  the  lake,  was  established 
November  6,  1903,  by  G.  H.  Bhss.  It  is  located  at  the  highway  brid^ 
3,000  feet  below  the  outlet  of  the  lake  and  in  the  town  of  Chelan. 
The  gage  is  a  vertical  rod  16  feet  long  attached  to  the  third  pile  bent 
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of  the  northwastern  approach  to  the  bridge.  It  is  read  once  each 
day  by  G.  L.  Richardson.  Discharge  nieasureniente  are  made 
from  the  downstream  side  of  the  new  highway  bridge,  to  whidi 
the  gage  is  attached.  The  initial  pomt  for  soundings  is  the  end 
vertical  on  the  downstream  side  of  the  bridge  at  the  northwest 
approach.  The  channel  is  straight  for  50  feet  above  and  for  150  feet 
below  the  station.  The  right  bank  can  i\ot  overflow.  The  l«ft  bank 
is  lower  than  the  right,  but  Ls  not  liable  to  overflow.  Both  banks  are 
without  trees.  The  bed  of  the  stream  is  composed  of  rocks  and  gravel, 
free  from  vegetation,  and  liable  to  shift  somewhat.  The  bench  mark 
is  a  w^ire  spike  driven  into  the  root  of  a  large  cottonwood  tree,  which  is 
40  feet  downstream  from  the  northwestern  approach  to  the  bridge 
and  30  feet  from  the  river.  The  root  is  on  the  west  side  of  the  tree. 
The  elevation  of  the  bench  mark   is  11.86  feet  above  the  zero  of  the 

gage. 

A  dam  which  has  been  constructed  at  the  foot  of  the  lake  by  the 
town  of  Chelan  holds  back  the  flow  of  water  from  the  lake  to  some 
extent  during  the  dry  season.  This  dam  is  about  3,000  feet  above  the 
gage  board  and  bridge  described  above. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Discharge  meagwrements  of  Chelan  Rh^er  below  Lake  Chelan,  Washington,  in  190^. 


Date. 


liydrographer. 


March  24 G.  H.  Bliss 

May  21 Steward  and  Murphy. 

June  11 i  W.  G.  Steward 

J  u  ly  3 1 do 

August  22 do 


width. 

Feet. 
249 
302 
310 
296 
280 


Area  of   i 
section. 


Mean 
velocity 


8q.  feet.    Ft.  per  sec. 


538 
1, 331 
1,664 
1,092 

773 


2.11 
4.45 
4.88 
4. 05 
3.19 


Gage 
height. 


Feet. 
5.95 
9.13 

10.27 

S.  17 


Dis- 
charge. 


7.1.'] 


Src.-fert. 

1,  i:« 

5,926 
8,122 
4,  421 
2,  571 


Mean  daily  gage  height,  in  feet,  of  Chelan  River  helow  Ijdke  Chelan,  Washington,  for  lihh'f. 


Day. 


1. 
2. 
.s. 

A. 

5. 

6. 

7. 

H. 

<». 
1(1. 
11. 
12. 


4 

Fan. 

Feb. 

Mar. 
5.60 

Apr. 
5.80 

May. 
9.00 

June. 
...      J 

10.25 

July. 

Aug. 
8.30 

Sept. 
5.60 

Oct. 
5.60 

Nov. 
5.40 

Dec. 

.5.80 

5.60 

10.10 

5,. 50 

S.W 

5.60 

5.55 

5.80 

9.00 

10.30 

10.20 

8.25 

5.40 

5.60 

5. 40 

5.50 

5.75 

5.60 

5.50 

5.75 

8.95 

10.30 

10.30 

8.20 

5. 40 

5.60 

5.  ;j5 

5.  .50 

5.70 

5.55 

5.50 

5.75 

8.90 

10.30 

10.3.'i 

8. 15 

.5.40 

5.60 

5. 40 

.5.-50 

5.50 

5.50 

5.50 

1 

5.75 

8.90 

10.35 

10.40 

8.10 

5.45 

.5.60  , 

5. 40 

5. 50 

5.60 

5.00 

5.50 

1 

6.75 

8.75 

10.50 

10.50 

8.00 

6.45 

5. 60 

5.35 

5.  .50 

5.&5 

5.45 

5.50 

5.75 

8.65 

10.65 

10.40 

8.(K) 

6. 40 

5.60 

5. 35 

5. 50 

5.60 

5.40 

5.55 

5.75 

8.60 

10.60 

10. 50 

7.95 

6.45 

5. 55 

,5.40 

.5.50 

5.70 

O5.80 

5.55 

5.75 

8.60 

10.50 

10.45 

7.90 

6.40 

5. 50 

5. 40 

5. 45 

5.70 

5.80 

5.60 

5.75 

8.55 

10.40 

10.55 

7.90 

6.50 

5. 50 

5. 45 

5. 45 

5.65 

5.75 

5.65 

5.85 

8.  .50 

10.30 

10. 45 

7.80 

6.45 

5. 45 

5. 4.'-) 

.5.40 

5.65 

6.75 

5.60 

6.10 

8.45 

10.20 

10.50 

7.75 

6.40 

5.45 

5.50 

5.40 

a  Opening  made  in  dam. 
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Mean  daily  gage  height,  in  feet,  of  Chelan  River  heUno  Lake  Chdan,  Washington,  far  1904 — 

Continued. 


a  Dam  partly  opened. 


b  Dam  closed. 


Rating  table  far  Chelan  River  below  Lake  Chelan,  Washington,  from  November  6,  190Sy  to 

December  31, 1904. 


Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet. 

1 

1     Gage 
height. 

Feet. 

1 

Discharge. 

1 
1 

Feet. 

Feet. 

Secondr/eet. 

Feet. 

1 
Seamdrfeei. 

5.30 

655 

6.50 

1,650 

7.70 

3,455 

8.90 

5,525 

5.40 

715 

6.60 

1,770 

7.80 

3,625 

9.00 

5,705 

5.50 

780 

6.70 

1,900 

7.90 

3,795 

9.20 

6,080 

5.60 

850 

6.80 

2,040 

8.00 

3,965 

9.40 

6,460 

5.70 

930 

6.90 

2,190 

8.10 

4,135 

9.60 

6,840 

5.80 

1,010 

7.00 

2,340 

8.20 

4,305 

9.80 

7,220 

5.90 

1,090 

7.10 

2,490 

8.30 

4,475 

10.00 

7,600 

6.00 

1,170 

7.20 

2,640  ' 

8.40 

4,645 

1 

10.20 

7,980 

6.10 

1,255 

7.30 

2,800  j 

8.50 

4, 815  1 

10.40 

8,360 

6.20 

1, 345 

7.40 

2,960  1 

8.60 

4,985 

10.60 

8,740 

6.30 

1,440 

7.50 

3,120 

8.70 

5,165 

10.80 

9,120 

6.40 

1,540 

1 

7.60 

3,285 

8.80 

5,345 

1 

11.00 

9,500 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  6  di»> 
chai^  measurements  made  during  1903  and  1904.  It  is  well  defined  between  gage  heig^t.« 
5.90  feet  and  10.50  feet.  The  table  has  been  extended  beyond  these  limits.  Above  gage 
height  9.00  feet  the  rating  curve  is  a  tangent,  the  difference  being  190  per  tenth. 
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Estimated  marUhly  discharge  of  Chelan  River  below  Lake  Chelan^  WashingUm^for  190S  and  1904, 


Month. 


1903. 


Xovember  5-30^ 
December 


1904. 


January. . 
Februarv- 

March 

April 

May , 

June 


July 

August 

iSeptember. 
October. . . 
November. 
December. 


Discharge  in  second-feet. 


Maximum. 


1,782 
2,310 


Minim  lun. 


1,300 
1,010 


The  year. 


1,010 
1,010 
1,390 
5, 615  ' 
7,885  ' 
8,835 
8,645 
4,475 
1,650 
1,010 
815 
780 


8,835 


780 

500 

780 

970 

4,545 

7,220 

4,135 

715 

715 

715 

685 

685 

500 


Mean. 


1,525 
1,250 


893 

856 

997 

2,686 

5,865 

8,008 

6,776 

2,982 

1,235 

863 

755 

742 

2,722 


Total  in 
acre-feet. 


90,740 
76,860 

54,910 

49,240 

61,300 

159,800 

360,600 

476,500 

416,600 

183,400 

73,490 

53,060 

44,930 

45, 620 


1, 979, 000 


WENACHE    RIVER   AT   CASHMERE,  WASH. 


This  station  was  established  July  26,  1904,  by  W.  G.  Steward.  It 
is  located  at  the  highway  bridge  just  north  of  the  town  of  Cashmere, 
Wash.  A  plain  staff  gage,  graduated  to  feet  and  tenths,  is  nailed 
vertically  to  the  downstream  edge  of  the  south  face  of  the  middle  pier. 
It  is  read  once  each  day  by  A.  C.  Jones.  Discharge  measurements  are 
made  from  the  downstream  side  of  the  two-span  bridge  to  which  the 
gage  is  attached.  The  initial  point  for  soundings  is  a  bolt  head  in  the 
southeast  comer  of  the  bridge,  marked  zero.  The  point  is  identical 
with  bench  mark  No.  2.  The  channel  is  curved  for  about  800  feet 
above  and  below  the  station,  and  the  current  is  swift.  The  right 
bank  is  high,  gravelly  and  rocky,  lined  with  timber  and  bushes,  and 
not  liable  to  overflow.  The  left  bank  is  not  high,  but  overflows  only 
in  extremely  high  water.  The  bed  of  the  stream  is  covered  with 
small  rounded  bowlders  and  cobblestones.  It  is  free  from  vegetation 
and  permanent.  The  channel  is  divided  by  the  pier  into  two  chan- 
nels. The  bridge  is  located  about  midway  of  a  long  sweeping  curve. 
The  water  is  quite  swift,  especially  at  the  middle  of  the  south  span, 
which  makes  sounding  at  this  point  difficult,  except  with  heavy  weight 
and  small  wire. 
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Bench  mark  No.  1  is  the  head  of  an  8-penny  nail  driven  into  a  timber 
at  the  southeast  corner  of  the  middle  pier.  Its  elevation  is  12.98  feet 
above  the  zero  of  the  gage.  Bench  mark  No.  2  is  a  bolt  head  at  the 
southeast  corner  of  the  bridge,  identical  with  the  initial  point.  Its 
elevation  is  16.63  feet  above  the  zero  of  the  gage.  Bench  mark  No.  3 
is  a  railroad  spike  driven  into  a  telephone  pole  at  the  left  end  of  tlie 
bridge.     Its  elevation  is  10.91  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 


Discharge  measurement.  ofWenache  River  at  Cashmere j  Wash.,  in  1904. 


Date. 


July  26. 


llydrographer. 


W.  G.  Steward. 


Width. 

Feet. 
197 


Area  of 
section. 


Mean  Gafc     ,      Dis- 

veloclty.      height.       charf^e. 


Sq.  feet.    Ft.  per  aec, 
1, 174  ,        3. 22 


Feet. 
3.88 


Sec. -feet. 
3,646 


Mean  daily  gage  height,  in  feet ,  ofWenache  River  at  Cashmere,  Wash.,  for  1904. 


1 
2 
3 
4 

5 
6 

/ 
8 
9 
10 
11 
12 
13 
U 
15 
10 
17 
IM 
19 
2() 
21 
22 
Zi 
24 


Day 


July. 


Aug.    I  Sept.       Oct.    '   Nov.       Dec. 


2.5 

2f5 

27 

■ 
3  Q() 

2S 

'       3  90 

2<> 

3  70 

30 

3. 50 

31 

3. 40 

3.40 

2  20 

1.70 

1.20 

2.  .10 

3.40 

2.10 

1.70 

1.30 

2.  .10 

3.40 

2.00 

1.60 

1.30 

2. 20 

3.30 

2.00 

1.60  1 

1.30 

2,  10 

3.30 

2.00 

1.50 

1.30 

2.110 

3.20 

1.90 

1.40 

i.:io 

l.<»0 

3.20 

1.90 

1.40 

1.30 

1.90 

3.20 

1.90 

1.30 

1.10 

l.M) 

3.20 

2.00 

1.30 

1.20 

I.  Sit 

3.10 

2.00 

1.20 

1.30 

1..N0 

2.90 

1.90 

1.80 

1.30 

l.f4i 

2.70 

1.90 

2.00 

1.30 

1.70 

2.60 

1.90 

1.80 

1.30 

1.70 

2.00 

1.70 

1.60 

1.30 

l.NI) 

2.00 

1.70 

1.50 

1.30 

2.  10 

2.60 

1.60 

1.40 

1.40 

2.20 

2.50 

l.GO 

1.40 

2.00 

2.20 

2.50 

1.60 

1.40 

1.80 

2.;«» 

2.40 

1.60 

1.30 

1.80 

2,20 

2.40 

1.60 

1.30 

1.90 

2.:«i 

2.30 

1.50 

1.30 

2.20 

2.:)o 

2.20 

1.50 

1.40  i 

2.40 

2.  Ji> 

2.10 

1.60 

1.30 

2.60 

2.20 

2.05 

1.60 

1.30  . 

2.40 

2.10 

2.00 

1.50 

1.20 

2.20 

1.90 

2.00 

1.50 

1.20 

2.10 

1.<W 

2.00 

1.50 

1.20 

2.10 

l.M) 

2.00 

1.40 

i.ao 

2.20 

1.80 

2.40 

1.40 

1.20 

2.50 

1.80 

2.40 

1.60 

1.20 

2.40 

1.80 

2.30 

1.20    . 

i.m 
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CRAB   CREEK   AT  WILSON   CREEK^   WASH. 

This  station  was  established  March  18,  1904,  by  Charles  E.  Hewitt. 
It  is  located  at  a  wagon  bridge  one-fourth  mile  west  of  the  Great 
Northern  Railroad  depot  at  Wilson  Creek,  Wash.,  and  300  feet  south  of 
the  railroad.  Discharge  measurements  are  made  from  the  upstream 
side  of  the  bridge.  The  gage  is  a  6-inch  board  13  feet  long,  graduated 
to  feet  and  half  tenths,  and  attached  to  the  west  end  of  the  first 
pier  from  the  north  end  of  the  bridge.  The  initial  point  for  sounding 
is  a  nail  in  a  2  by  4  inch  stake  94  feet  south  of  the  face  of  the  south 
abutment  of  the  bridge  and  5  feet  east  of  the  road.  The  channel 
is  straight  for  one-fourth  mile  above  and  50  feet  below  the  station. 
The  right  bank  is  low  and  overflows  at  extreme  high  water.  The 
left  bank  is  high  and  not  liable  to  overflow.  The  bed  of  the  stream 
is  mud  and  gravel  and  is  fairly  permanent.  The  current  is  swift. 
The  stream  is  divided  into  five  channels  at  high  water  and  two  chan- 
nels at  ordinary  stages.  The  bench  mark  is  the  top  of  a  stone  5  feet 
east  of  the  road  and  13  feet  south  of  the  initial  point .^  Its  elevation 
is  18.22  feet  above  gage  datum.  This  station  was  abandoned  June 
26,  1904. 

The  observations  at  this  station  during  1904  have  been  made 
under  the  direction  of  T.  A.  Noble,  district  engineer. 

DUeharge  measuremenis  of  Crab  Creek  at  WiUon  Creek j  Wathingtonj  in  1904. 


Date. 


Hydrographer. 


Width.   ! 


Area  of 
section. 


Mean 
velocity. 


heig' 


age 
Ight. 


Dia- 
charge. 


March  18 ,  C.  E.  Hewett.. 

April  29 '  W.  G.  Steward. 

June  IG do 


Feet.        Sq./eet.  Ft.  per  gee. 

81  .308  2.55 

50           196  1. 14 

266  1.32 


Feet.  Sec.-feet. 

4. 86  785 

3.95  223 

3. 77  345 


Mean  daily  gage  height,  in  feet,  of  C rah  Creek  at  Wilson  Creek,  Washington,  for  1904. 


Day. 
1 

March. 

2 

3 

4 

1 

r> 

10. 
II. 
12. 
13. 
14. 
15. 
16. 


April.     May. 


4.70 

4.20 

5.05 

4.20 

4.80 

4.60 

4.85 

4.60 

4.89 

4.60 

5.00 

4.60 

4.95 

4.60 

4.85 

4.60 

4.70 

4.60 

4.55 

4.50 

4.57 

4.20 

4.45 

4. 15 

4.40 

4.10 

4.35 

4.  a') 

4.30 

3.00 

4.24 

3.85 

June. 


3.00 
4.35 
4.30 
4.25 
3.00 
3.00 
3.95 
3.90 
3.85 
3.80 
3.75 
3.80 
3.75 
3. 75 
3.70 
3.75 


17. 
18. 
19. 
20. 
21. 
22. 
2:). 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


March.    April.     May. 


5.00 
4.97 
4.a5 
4.90 
4.86 
4.86 
4.8.') 
4.83 
4.70 
4.65 
4.60 
4.80 
4.74 


4.25 
4.25 
4.25 
4.20 
4.21 
4.20 
4.21 
5.20 
5.15 
5. 15 
4.00 
5. 10 
4.00 
4.00 


June. 


3.80 

3.75 

3.75 

3.70 

3.75 

3.80 

3.70 

3.70 

3.70 

3.70 

3. 70 

3.65 

3.00 

3.65 

3.55 

3.60 

3. 55 

3. 55 

3.55 

3.50 

3.50 

3.3.5 

3.35 

3.30 
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YAKIMA   RIVER    NEAR   MARTIN,  WASH. 

Lake  Keechelus  is  the  uppermost  of  the  three  lakes  forming  the 
source  of  Yakima  River.  At  the  mouth  a  good  dam  site  exists  and 
by  the  construction  of  a  dam  a  considerable  portion  of  the  flow  of  the 
Yakima,  at  this  point,  can  be  stored  and  used  for  irrigation  in  the 
lower  Yakima  Valley  during  the  dry  season. 

A  gaging  station  was  established  October  18,  1903,  by  G.  H.  Bliss, 
1,000  feet  below  the  outlet  of  Lake  Keechelus  and  800  feet  below  the 
dam  of  the  Cascade  Lumber  Company.  It  is  4  miles  northwest  of 
Martin,  Wash.  The  original  gage  was  in  two  sections  and  was  located 
on  the  right  bank  just  above  the  cable.  The  lower  inclined  section 
read  from  5  to  7  feet.  The  upper  vertical  section  read  from  7  to  13 
feet.  Observations  were  taken  daily  from  this  gage  until  November 
14,  1903,  on  which  date  the  gage  was  destroyed  by  the  caving  of  the 
river  bank.  Observations  were  then  discontinued  until  January  28, 
1904,  when  a  new  vertical  gage.  No.  2,  was  installed  by  the  Yakima 
Development  Company,  at  a  point  75  feet  above  the  location  of  the 
old  gage,  and  readings  were  resumed  by  the  United  States  Geological 
Survey.  This  gage  is  in  present  use.  It  is  a  vertical  rod,  fastened  to 
an  overhanging  tree,  and  is  divided  into  feet  and  tenths.  The  gage  is 
read  daily  by  Christian  Hansen,  a  trapper,  Uving  at  the  foot  of  the 
lake.  Discharge  measurements  are  made  by  means  of  a  cable,  car, 
tagged  wire,  and  stay  wire.  The  cable  has  a  total  span  of  200 
feet.  The  initial  point  for  soundings  is  the  north  face  of  the  tree  on 
the  south,  or  right,  bank,  to  which  the  cable  is  fastened.  The  channel 
is  straight  for  500  feet  above  and  for  350  feet  below  the  station.  Both 
banks  are  high,  not  Uable  to  overflow,  and  are  heavily  timbered.  The 
current  is  swift.  There  is  but  one  channel  at  all  stages.  The  bed  of 
the  stream  Ls  composed  of  gravel,  free  from  vegetation,  and  permanent. 

Bench  mark  No.  1  was  destroyed  with  the  original  gage.  Bench 
mark  No.  2  is  the  top  of  a  spike  in  the  root  on  the  north  side  of  a  large 
cedar  tree  50  feet  south  and  50  feet  west  of  the  gage.  Its  elevation  is 
21.59  feet  above  the  zero  of  gage  No.  2.  Bench  mark  No.  3  is  a  nail  in 
the  base  of  a  48-inch  fir  tree  on  the  right  bank,  25  feet  above  the  cable, 
and  50  feet  from  the  river.  The  tree  is  blazed  and  marked  "B.  M. '* 
The  elevation  of  the  bench  mark  is  25.22  feet  above  the  datum  of  gage 
No.  2  which  is  0.07  foot  liigher  than  that  of  gage  No.  1. 

The  observ^ations  at  this  station  during  1904  were  made  under  the 
direction  of  T.  A.  Noble,  district  engineer. 
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Diadiarge  meatwrtmenis  cf  Takima  River  near  Martin^  Wash.,  in  1904. 


Date. 


May  13 

June  15 

July  21 

August  4 

September  20 


Hydrographer. 


G.  F.  Harley. 

do 

do 

do 

do 


Width. 


Feet. 
117 
119 
116 
106 
104 


Area  of  |      Mean 
section.  '   velocity. 


Sq./eet. 
288 

365  ! 
208 
175 
122 


Ft.  per  tee. 
1.90 
2.27 
1.17 

.77 
.48 


Case 
heignt. 


Feet. 
8.15 
8.88 
7.25 
6.88 
6.34 


Dls- 
chai^ge. 


Sec-feet, 
543 
827 
244 
135 
58 


Mean  daUy  gage  height  ^  in  feet  ^  cf  Yakima  River  near  Martin^  Wash.,  for  1904. 


Day. 

Jan. 

Feb. 

7.10 
7.00 
7.00 
7.00 
7.00 

Mar. 

6.90 
6.90 
6.80 
6.80 
6.90 
6.90 
6.90 
6.95 
7.00 
7.0) 
7.10 
7.10 
7.10 
7.10 
7.10 
7.05 
7.00 
7.00 
7.00 
7.00 
7.00 
6.90 
6.90 
6.90 
6.90 
6.80 
6.80 
6.80 
6.90 
6.90 
6.90 

Apr. 

May. 

June. 

8.90 
9.00 
9.10 
9.30 
9.40 
9.40 
9.40 
9.20 
8.80 
8.80 
8.70 
8.55 
8.60 
8.70 
8.80 
8.00 
8.80 
9.00 
9.10 
8.85 
8.75 
8.60 
8.45 
8.25 
8.20 
8.10 
8.20 
8.20 
8.30 
8.40 

July. 

Aug. 

6.90 
6.90 
6.90 
6.90 
6.80 
6.80 
6.80 
6.80 
6.80 
6.70 
6.70 
6.70 
6.65 
6.60 
6.60 
6.60 
6.60 
6.60 
6.60 
6.60 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 

Sept. 

Oct. 

Nov. 

Deo. 

1 

2         

6.90 
6.90 
6.80 
6.80 
6.90 
6.90 
6.90 
6.90 
6.90 
7.00 
7.15 
7.55 
8.10 
8.60 
9.00 
9.00 
8.80 
8.65 
8.60 
8.60 
8.65 
8.60 
8.50 
8.30 
8.15 
8.15 
8.35 
8.70 
9.00 
8.05 

8.65 
8.45 
8.35 
8.25 
8.15 
8.10 
&10 
8.05 
8.00 
8.00 
7.90 
8.20 
8.20 
8.70 
8.60 
860 
8.55 
8.55 
8.70 
8.80 
8.95 
9.20 
9.40 
9.30 
9.10 
9.00 
9.00 
9.00 
9.10 
9.10 
9.10 

8.40 
8.40 
8.30 
6.20 
8.20 
8.20 
8.10 
8.00 
7.90 
7.80 
7.75 
7.70 
7.60 
7.45 
7.40 
7.30 
7.30 
7.30 
7.30 
7.30 
7.20 
7.25 
7.20 
7.10 
7.10 
7.10 
7.00 
7.00 
7.00 
7.00 
6.90 

6.50 
6.50 
6.50 
6.40 
6.40 
6.40 
6.40 
6.40 
6.40 
6.40 
6.40 
6.40 
6.40 
6.40 
6.40 
6.40 
6.40 
6.40 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.40 
6.40 

6.40 
6.40 
6.40 
6.40 
6.40 
6.40 
6.30 
6.40 
6.40 
6.40 
6.40 
6.40 
6.40 
6.40 
6.40 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.40 
6.50 

6.50 
6.50 
6.50 
6.50 
6.60 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.50 
6.60 
6.75 
6.80 
6.95 
7.30 
7.85 
8.15 
8.20 
8.00 
7.90 
7.90 
7.85 
8.10 
8.10 
8.00 

8.00 
7.90 

3 '-_ 

.7.70 

4 

7.60 

5 

7.50 

6 

7.00 
7.00 

7.40 

T  .............  ....... 

7.30 

8 

9     

7.00 
6.95 
6.90 
6.90 
6.90 

7.20 
7.20 

10 

7.10 

11   

7.10 

12       

7.10 

13 

6.90 
6.90 
6.90 

7.10 

14 

7.20 

15 

7.40 

16 

6.90 
6.90 

7.60 

17 

8.00 

18 

6.85 

8.10 

19 

6.80 
6.80 

8.20 

20 

8.30 

21 

6.90 
6.90 
7.00 
7.00 
6.90 
6.90 
6.25 
6.90 

8.15 

22 

8.00 

a ! 

7.90 

24 

7.75 

25 

7.60 

26 1 

7.50 

27 

7.40 

28 

7.20 

7.30 

29 

7.20       6.00 

7.20 

30 

7.10 
7.10 

7.20 

.31 

7.20 
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Rating  table  for  Yakima  River ^  near  Martin,  W ask.,  from  January  28  to  December  SI,  I904. 


Gaee 
heignt. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
boignt. 

Discharge. 
Second-feet. 

Gage 
height. 

Feet. 

Discharge.  1 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

1 
Second-feet.  ' 

6.30 

61 

7.30 

249 

8.20 

566 

9.10 

920 

6.40 

63 

7.40 

281 

8.30 

604 

9.20 

960     ' 

6.50 

76 

7.50 

315 

'    8.40 

642 

9.30 

1,000 

6.60 

90 

7.60 

349 

8.50 

680 

9.40 

1,040 

6.70 

107 

7.70 

383 

8.60 

720 

9.50 

1,080 

6.80 

127 

7.80 

418 

8.70 

760 

9.60 

1,120 

6.90 

148 

7.90 

454 

8.80 

800 

9.70 

1,160 

7.00 

170 

i    8.00 

490 

;    8.90 

840 

1     9.80 

1,200 

7.- 10 

194 

8.10 

528 

9.00 

880 

9.90 

1,240 

7.20 

220 

i 

i 

1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  5  dis- 
charge measurements  made  during  1904.  It  is  well  defined  l^etween  gage  heights  6.36  feet 
and  8.88  feet.  The  table  has  been  extended  beyond  these  limits.  .  Above  gage  heiglit  8./50 
feet  the  rating  cun'e  is  a  tangent,  the  difference  being  40  per  tenth. 

Estimated  monthly  discharge  of  Yakima  River  near  Martin,  Wash.,  for  1904, 

[Drainage  area,  56  square  miles.] 


Month. 


February. . 

March 

April 

May 

June 

July 

August  . . . 
September. 
Octol)er. . . 
Noveml)er. 
December. 


Discharge  in  second-feet. 


The  period. 


Maximum. 

194 

194 

880 

1,040 

1,040 

642 

148 

76 

76 

566 

604 


Minimum. 

127 

127 

127 

454 

528 

148 

76 

51 

51 

76 

194 


Mean. 


Total  in 
acro-feet. 


156 

159 

499 

733 

785 

339 

103 
58.6 
69.4 

230 

a39 


8,973 

9,777 

29,690 

45,070 

46,710 

20,840 

6,333 

3,487 

4,243 

13,680 

20.840 


209,600 


Second- 
feet  per 
square 
mile. 


2.79 
2.84 
8.91 
13. 1 
14.  C 
6.05 
1.84 
1.05 
1.24 
4.11 
6.05 


Depth  In 
incht»s. 


3.01 
3.27 
9.94 
15.1 
15.6 
6.9S 
2.12 
1.17 
1.43 
4.59 

6.m 


YAKIMA    RIVER   AT   EASTON,  WASH. 

This  station  was  established  May  12,  1904,  by  G.  H.  Bliss.  It  is 
located  at  Easton,  Wash.,  three-eighths  of  a  mile  below  the  Casqade 
Lumber  Company's  dam,  at  the  bridge  on  the  road  leading  from 
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Easton  to  Kachess  Lake.  A  vertical  staff  gage,  graduated  to  feet  and 
tenths,  is  nailed  to  a  stump  on  the  left  bank,  20  feet  below  the  bridge. 
It  is  read  once  each  day  by  W.  W.  Johnson.  Discharge  measure- 
ments are  made  from  the  downstream  side  of  the  highway  bridge. 
The  initial  point  for  soundings  is  a  point  marked  by  a  circle  and  cross 
on  the  top  of  the  downstream  railing  12  feet  north  of  the  pier  on  the 
left  bank.  The  channel  is  straight  for  about  400  feet  above  and  700 
feet  below  the  station,  and  the  water  is  swift  at  medium  and  high 
stages.  The  right  bank  is  high,  sparsely  wooded,  and  not  Uable  to 
overflow.  The  left  bank  is  low,  sparsely  wooded,  and  overflows  only 
at  extreme  high  water.  The  bed  of  the  stream  is  composed  of  clean 
gravel,  and  is  shifting.  There  is  but  one  channel,  which  is  broken  at 
higher  stages  by  the  piling  supports  of  the  trestle  approaches  at  either 
end.  There  is  a  shifting  gravel  bar  on  the  right  side  of  the  channel. 
Diagonal  currents  interfere  with  the  accuracy  of  measurements.  The 
bench  mark  is  the  top  of  the  case  of  the  steel  and  concrete  pier  at  the 
left  end  on  the  downstream  side  of  the  bridge.  Its  elevation  is  19.39 
feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Discharge  measurements  of  Yakima  River  at  Easton f  Wash.,  in  1904- 


Date. 


llydrographer. 


Width. 


Area  of 
section. 


Mean 
velocity. 


I 


May  12 G.  F.  Harley . 

June  14 do , 

Julvl2 do 

Julv21 do 

August  4 do 

August  24 do 


Feet. 
148 
173 
140 
136 
125 
122 


Sq./eet.     Ft.  per  sec. 


384 

3.70 

428 

4.36 

219 

3.27 

169 

119 

80 


2.98 
2.79 
2.33 


Gage 
height. 


Fret. 
6.95 
7.35 
5.74 
5.06 
4.45 
3.86 


Dis- 
charge. 


Sec.-Jert. 
1,417 
1,868 
717 
502 
332 
186 


Mean  daily  gage  height,  in  feet,  of  Yakima  River  at  Easton,  Wash.,  for  190J^, 


Day. 

May. 

June. 

July. 

6.40 
6.30 
6.40 
6.70 
6.70 
6.60 
6.50 
6.30 
5.90 
5.80 
5.80 
5.70 

Aug. 

4.70 
4.60 
4.50 
4.80 
4.50 
4.50 
4.50 
4.30 
4.50 
4.30 
4.50 
4.50 

Sept. 

Oct. 

Nov, 

1 

7.75 
8.00 
7.90 
7.90 
8.05 
8.10 
7.90 
7.70 
7.60 
7.50 
7.60 
7.36 

4.40 
4.40 
4.40 
4.35 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.45 

4.20 
4.40 
4.30 
4.40 
4.30 
4.25 
4.25 
4.25 
4.2.5 
4.30 
4.30 
4.20 

3.90 

2 

3.90 

3 

3.90 

4 

3.90 

• 

5 

3.80 

6 

3.80 

7.... 

3.80 

8 

3.80 

9 

3.80 

10 

3  80 

n 

3.80 

12 

6.95 

3.90 

78 
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Mean  daUy  gage  height^  in  feet,  cf  Yakima  River  at  EasUm,  Wash.,  for  1904 — Continued. 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

13 

7.00 
7.40 
7.50 
7.40 
7.10 
6.70 
6.70 
6.70 
7.20 
7.70 
8.00 
7.90 
7.50 
7.70 
7.70 
7.80 
7.70 
7.80 
7.80 

7.10 
7.50 
7.30 
7.30 
7.25 
7.70 
7.35 
7.60 
7.50 
7.10 
6.90 
6.70 
6.50 
6.30 
6.40 
6.20 
6.20 
6.20 

5.60 
5.40 
5.50 
5.30 
5.40 
5.30 
5.20 
5.20 
5.20 
5.00 
5.00 
4.90 
4.90 
4.90 
4.90 
4.80 
4.90 
4.70 
4.70 

4.50 
4.50 
4.50 
4.40 
4.40 
4.00 
4.00 
4.00 
4.00 
4.20 
4.30 
3.85 
4.20 
4.30 
4.40 
4.40 
4.50 
4.40 
4.40 

4.30 
4.30 
4.40 
4.35 
4.30 
4.40 
4.30 
3.80 
3.90 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 

4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.10 
4.10 
4.00 
4.20 
4.00 
3.90 
3.95 
4.00 
4.00 
3.90 
3.90 
3.90 
3.90 

3.90 

14 

3.90 

15 

3.80 

16 

3.80 

17 

3.1X) 

18 

3.96 

19 

4.10 

20 

4.K5 

21 

5.30 

22 

5.ao 

23 

5.90 

24 

5.90 

25 

5. 80 

26 

5.80 

27 

5.80 

28 

6.20 

29 

(«) 

30 

31 

a  Gage  washed  out 
Rating  table  far  Yakima  River  at  EasUm,  Wash.,  frwa  May  12  to  November  28, 190^ 


beignt. 

Discharge. 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
hei^t. 

Discharge. 
Second-Jed. 

Gatfe 
height. 

Fed. 

■ 

Diacfaaige. 

Fed. 

Secondr/ed 

Feet. 

Feet. 

Second-Jeet. 

3.90 

195 

5.00 

484 

6.00 

814 

7.00 

1,490 

4.00 

220 

6.10 

512 

6.10 

862 

7.10 

1,500 

4.10 

246 

5.20 

540 

6.20 

910 

,    7.20 

1,695 

4.20 

272 

5.30 

572 

,    6.30 

966 

7.30 

1,805 

4.30 

29S 

5.40 

604    i 

6.40 

1,022 

'    7.40 

1,920 

4.40 

324 

5.50 

636      : 

;    6.50 

1,086 

7.50 

2,040 

4.50 

350 

5.60 

668 

6.60 

1 

1,154 

7.60 

2,160 

4.60 

376 

5.70 

700 

1    6.70 

1,230 

7.70 

2.290 

4.70 

402    , 

5.80 

736 

6.80 

1,310 

7.80 

2,420 

4.80 

428    ' 

5.90 

774 

6.90 

1,395 

7.90 

2,550 

4.90 

456 

i 

1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  6  dis- 
charge measurements  made  during  1904.  It  is  well  defined  between  gage  heights  3.86  feet 
and  7.35  feet.  The  table  has  been  extended  beyond  these  limits.  Above  gage  height  7.60 
feet  the  rating  curve  is  a  tangent,  the  difference  being  130  per  tenth. 
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Estimated  momOdy  diackarge  of  Yakima  River  at  EatUm,  Wath.^  for  1904* 


Month. 


Ma  J 12-31 
June 


July 

August 

September 

October 

November  1-28. 


The  period. 


Discbarge  in  second-feet. 

Total  in 

Maximum. 

Minimum. 
1,230 

Mean. 

acre-feet. 

2,680 

1,974 

78, 310 

2,810 

910 

1,867 

111,  100 

1,230 

402 

690 

42,430 

428 

185 

316 

19,430 

337 

175 

311 

18,  510 

324 

195 

257 

15,800 

910 

175 

357 

19,830 

305,400 

TAKIMA   RIVER   NEAR   NORTH   TAKIMA,  WASH. 

This  station  was  established  May  5,  1904,  by  G.  H.  BUss.  It  is 
lc»cated  at  the  highway  bridge,  2J  miles  north  of  North  Yakima, 
Wash.,  one-fourth  mOe  above  the  confluence  of  Yakima  and  Naches 
rivers,  and  300  feet  east  of  the  bridge  of  the  Northern  Pacific  Railway 
Company.  A  plain  staff  gage  is  fastened  vertically  to  the  south  side  of 
the  pier  at  the  right  end  of  the  4-span  highway  bridge.  The  gage  is 
read  once  each  day  by  Patrick  Gallagher.  Discharge  measurements 
are  made  from  the  downstream  side  of  the  bridge  to  which  the  gage 
is  attached.  The  initial  point  for  soundings  is  a  point  marked  zero 
on  the  top  of  raiUng  near  the  right  end  of  the  bridge,  downstream  side. 
The  channel  is  straight  for  about  800  feet  above  and  600  feet  below 
the  station.  The  current  is  sluggish  at  low  stages.  Both  banks  are 
low,  partly  wooded,  and  subject  to  overflow  during  high  water.  The 
bed  of  the  stream  is  composed  of  gravel  and  sand,  free  from  vegetation 
and  stable.  There  is  one  channel  at  all  stages,  broken  by  3  bridge 
piers.  The  bench  mark  is  the  top  of  the  shoe  plate  on  the  lower  side 
of  the  bridge  above  the  pier  nearest  the  right  bank.  Its  elevation 
is  16.64  feet  above  the  zero  of  the  gage. 

The  obsei-vations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 
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Discharge  measurements  of  Yakima  River  near  North  Yakima^  TFo^fc.,  in  1904. 


Date. 


May  5 

July  13 

July  25 

July  30 

August  17... 
September  1 


Ilydrographer. 


Width. 


Area  of 
section. 


Mean 
velocity. 


G.  F.  Harley. 

do 

J.C.Dry.... 
G.  F.  Harley. 
J.C.Dry.... 
do 


FeH. 

217 
201 
188 
187 
156 
156 


Sq./eel. 
1,600 
1,090 
850 
830 
727 
725 


Ft.  per  sec. 
4.21 
2.39 
1.60 
1.35 
0.77 
0.61 


Gaee 
heignt. 


Fca. 
6.83 
4.40 
3.30 
3.10 
2.40 
2.32 


I>i»- 


Srr.-feH. 
6.740 
2, 610 
1.360 
1,123 

414 


5. 


6. 


9. 
10. 
II. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Mean  daily  gage  height,  in  feet,  of  Yakima  River  near  North  YaJcima,  Wash.,  for  IVO4. 


Day. 


May.  ,  Juno. 


7.20 
7.00 
7.00 
7.10 


6 


6 


.00 
.90 
.XO 
.80  ; 
.90  I 
.30 


7.50 
7.60 
7.10 
6.70 
6.30 
6.90 


July.       Aug.      Sept.       Oct.    |   Nov. 


5.20 
5.20 

■■•*•■ 

5.30 
5.40 
5.30 
5.20 
5.10 
5.00 


.80 
.80 
.80 
.90 
.90 
.10 


5.70 
5.70 
5.90 
6.10  ' 
6.30 
6.50  ! 


8 


10 
40 
,90 
50 
.20 
10 


6.40 
6.30 
6.10 
5.90 
5.60 
5.30 

5.20 


4.70 
4.50 
4.40 
4.30 
4.20 
4.10 

3.80 
3.70 
3.60 
3.50 
3.40 
3.40 

3.30 
3.30 
3.30 


3.10 
3.00 
3.00 
3.00 
2.90 
2.90 

2.80 
2.70 
2.7) 
2.60 
2.60 
2.60 
2.60 
2.50 
2.50 
2.50 
2.40 
2.40 
2.40 


.30 
.30 


5.10 

3.20 

5.00 

3.20 

5.10 

3.10 

2.30 

2.30 

2.30 

2.30 

2.30  I 

2.30 

2.30 
2.30 
2.30  I 


2.30 

2.40 

2.4«l 

2J30 

2.40 

2.411 

2J» 

2.40 

2.¥) 

2.40 

2.«) 

2.30 

2.50 

2.4H 

2.30 

2.50    . 

•  .  -  .  • 

2.20 

2.50 

2.4«) 

2.20 

2.50 

2.*> 

2.20 

2.50 

2.»i 

2.20 

2.50 

2.*» 

2.50 

2. an 

2.20 

2.60 

2.4<J 

2.20 

2.60   . 

2.20 

2.60 

2.4l» 

2.20 

2.60 

2  ♦! 

2.10 

2.60 

2.40 

2.10 

2.60 

2.4I> 

2.60 

2. 41) 

2.10 

2.60 

2.40 

2.10 

2.60   . 

. . . .  ■ .  - 

2.10 

2.50 

2  -li" 

2.10 

2.50  ' 

3.9II 

2.10    . 
2.10  , 


I 


2.30 
2.30 
2.40 
2.40 
2.40 


2.50 
2.50 
2.50 
2.50 
2.40 
2.40 

2.40 


3.70 
3.70 

3.'«i» 

3.'«i 
4.<«« 


Note.— Observations  were  made  during  irrigating  season  only. 
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Bating  table  for  Yakima  River  near  North  Yakima^  Wa^h.^from  May  9  to  November  SO,  1904. 


Gam 
h«l@it. 

1 

Diflcharge. 
SecmA^ttk. 

Gage 
helgnt. 

1  Discharge. 
'  Secand-Jeet.  ■ 

Gago 
•height. 

Feet. 

• 

1 

DisehaiKo. 
Second-/eet. 

Gage 
height. 

Dischai^e. 

Ftel. 

.     Ftet. 

Feet. 

Second-feet. 

2.00 

210 

\    3.30 

1,342 

4.60 

2,916 

5.90 

5,004 

2.10 

285 

3.40 

1. 445  . 

4.70 

3,050 

6.00 

5,190 

2.20 

302 

3.50 

1,550    1 

4.80 

3,204 

6.20 

5,562 

2.30 

441 

3.60 

1,658 

4.90 

3,351 

6.40 

5,934 

2.40 

522 

3.70 

1,769    i 

!     5.00 

3,500 

6.60 

6,306 

2.50 

605 

3.80 

1,883        ; 

5.10' 

3, 651 

6.80 

6,678 

2.60 

690 

3.90 

2,000 

5.20 

3,805 

7.00 

7,050 

2.70 

777 

1    4.00 

2,120 

5.30 

3,962 

7.20 

7,422 

2.80 

866 

4.10 

2,243 

5.40 

4,124 

7.40 

7,794 

2.90 

957 

4.20 

2,370 

5.  .50 

4,290 

7.60 

8,166 

3.00 

1,050 

4.30 

2,601 

5.60 

4,461 

7.80 

8,538 

3.10 

1, 145 

4.40 

2,636 

5.70 

4,637 

8.00 

8, 910 

3.20 

1,242 

4.50 

2,775 

5.80 

4,818 

8.50 

9,840 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  6  dis- 
rhai^  measurements  made  during  1904.  It  is  well  defined  between  gage  heights  2.50  feet 
and  4.50  feet.  The  table  has  been  extended  beyond  these  limits.  Above  gage  height 
.1.80  feet  the  rating  curve  is  a  tangent,  the  difference  being  186  per  tenth. 

EsHnuUed  monthly  dMcharge  of  Yakima,  River  near  North  Yakima,  Wash.,  for  190^.*^ 


Month. 


Mav9-31 
June 


Discharge  in  second-feet. 


Maximum. 


Julv 

August 

September. 
October. . . 
Xoveraber. 


9,654 
8,166 
4,124 
1,145 
522 
690 
2,120 


The  period 


Mioiroum. 


4,818 
3,500 
1,145 
441 
285 
522 
522 


Mean. 


I     Total  in 
!    acre-feet. 


6,896  I 
5,  705  j 
2,431 
663 
376 
608 
955 


314,600 
339,500 
149,  500 
40,770 
22,370 
37,380 
56,830 


961,000 


a  Dli^charge  for  missing  gag^e  heights  interpolated. 


YAKIMA    RIVER    NEAR    YAKIMA,  WASH. 

Yakima  River  enters  Columbia  River  just  above  the  town  of  Pasco. 
The  first  measurement  of  the  river  was  made  at  this  point  on  August 
14, 1893.     At  that  time  there  was  an  old  vertical  river  rod  attached  to 
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the  central  pier  of  the  bridge.  As  the  foot  of  this  gage  at  low  water  was 
covered  by  rock  and  could  not  be  read,  an  incUned  gage  was  put  in 
position  at  the  west  end  of  the  county  bridge.  This  consisted  of  two 
pieces  of  timber,  having  a  total  length  of  24  feet.  These  were  finiily 
secured  to  timbers,  bedded,  and  loaded  with  rock.  The  gage  rod  was 
painted  white  and  lettered  in  vertical  feet  and  tentlis.  After  this 
new  gage  was  located  it  was  ascertained  that  the  readings  on  the 
old  gage  would  be  1.13  feet  higher  than  on  the  new.  The  zero  of  this 
new  gage  was  19.02  feet  below  the  top  of  the  rail  of  the  Northern 
Pacific  Railroad  immediately  west  of  the  west  end  of  the  bridge,  which 
was  about  40  feet  from  the  gage.  The  high-water  mark  at  that  time 
showed  that  a  flood  had  risen  to  8.80  feet  on  the  old  gage.  Readings 
at  this  point  were  begun  on  October  2,  1893,  and  continued  during  the 
following  winter  and  spring  until  May  19,  1894.  Owing  to  the  de- 
struction of  the  gage  by  floods  the  station  was  for  a  time  abandoned. 

During  August,  1895,  Arthur  P.  Davis  visited  the  locality  and  found 
that  the  section  was  not  favorable  for  making  discharge  measurements, 
lie  accordingly  selected  the  present  station,  which  is  located  at  Union 
Gap,  2  miles  below  Yakima,  Wash.,  and  1,000  feet  below  the  highway 
bridge.  It  is  about  3  miles  above  the  intake  of  the  Sunnyside  canal. 
The  station  is  of  value,  as  it  is  the  only  point  near  the  large  irrigated 
area  above  and  below  which  is  unaffected  by  the  taking  out  of  water 
in  irrigating  canals.  The  gage  rod  is  inclined  and  is  attached  to  a 
willow  stump  and  post  set  in  the  ground.  It  is  read  once  each  day 
by  Hugh  Kennedy,  the  section  foreman.  Discharge  measurements 
are  made  by  means  of  a  cable,  car,  and  tagged  wire  150  feet  above  the 
gage  and  1,000  feet  below  the  highway  bridge.  The  initial  point  for 
soundings  is  a  cross  chiseled  on  a  rock  2.7  feet  from  the  cable  support 
on  the  right  bank.  The  channel  is  straight  for  1,000  feet  above  and 
below  the  station.  The  current  has  a  moderate  velocity.  The  right 
bank  is  high,  not  liable  to  overflow,  and  is  covered  with  sagebrush. 
The  left  bank  is  a  low  gravel  bar  which  overflows  during  extreme  high 
water.  The  bed  of  the  stream  is  composed  of  gravel,  free  from 
vegetation  and  permanent.  There  is  one  channel  at  low  water  and 
two  channels  at  ordinary  and  flood  stages.  Bench  mark  No.  1  is  the 
top  of  a  large  bowlder  between  two  other  bowlders  43  feet  north  of 
the  gage  and  6.5  feet  east  of  the  fence.  Its  elevation  is  17.52  feet 
above  the  zero  of  the  gage.  Bench  mark  No.  2  is  the  top  of  a  large 
bowlder  under  the  railroad  fence  12  feet  north  of  the  gage.  It«  ele- 
vation is  21.29  feet  above  the  zero  of  the  gage.  The  elevation  of  the 
initial  point  for  soundings  is  17.45  feet  above  the  zero  of  the  gage. 
The  bench  marks  are  marked  ''B.  M.''  with  black  paint. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 
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Date. 


Hydrographer. 


May9 G.  F.  Harley 

Mavl6 ! do 

May  19 Murphy  and  Bliss. 

May  24 G.  F.  Harley 

May  25 do 

June  29 do 


Julv  18 do. 


July  23 do. 

August  1 do. 

August  25 do. 


Vldth. 

Ares  of 
Bectioo. 

Mean 
velocity. 

Ft.  per  xec. 

Gage 
heiKht. 

Feet. 

Feet. 

Sq.feet. 

343 

2,140 

4.29 

7.85 

353 

2,530 

5.33 

8.85 

349 

2,570 

5.48 

8.87 

468 

3, 310 

6.40 

10.40 

457 

3, 050 

6.07 

10.00 

337 

1,8.50 

4.17 

7.40 

241 

l,;i40 

2.51 

5.78 

239 

1,273 

2.26 

5.48 

237 

1,131 

1.78 

4.87 

234 

865 

1.05 

3.79 

Dls- 
charKe 


Sec.  feet. 

9,180 

13,490 

14,080 

21,180 

18,560 

7,750 

3,  370 

2,873 

2,015 

910 

Mean  daily  gage  height,  in  feet,  of  Yakima  Ri\>er  near  YaJcima,  Wash.,  for  190J^. 


Day. 


1 
2 
3 
4 
5 
6 

mm 

4 

8 
9 
10 
11 
12 
It 
U 

i:> 

16 

17 
IK 

n* 

21 
22 
2:1 
24 

2r^ 

26 
27 
2S 
2*> 
3I> 
31 


Jan. 

5.M 
5.50 
5.30 
5J» 
5J30 
5.00 
5.10 
5.2J 
5.20 
5.20 
5.30 
5.40 
5.40 
5.90 
6.00 
6.70 
6.70 
6.50 
6.50 
6.30 
6.30 
6.10 
6.10 
6.00 
6.00 
5.90 
5.90 
5.80 
5.60 
5.60 
5.50 


Feb.     Mar. 


Apr.     May.    June.  ■  July.  I  Aug.     Sept.     Oct.     Nov.  '  Dec. 


5.50 
5.50 
5.40 
5.40 
5.40 
5.30 
5.30 
5.30 
5.30 
5.10 
5.10 
5.00 
4.90 
5.00 
5.10 
5.10 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.40 
5.20 
5.20 
5.20 
5.30 
5.10 
5.00 


4.90 
4.90 
4.90 
4.90 
4.80 
5.20 
5.60 
7  JO 
6.10 
6.10 
6.80 
6.40 
6.30 
6.10 
6.00 
6.00 
5.90 
5.70 
5.70 
5.80 
5. 80 
5.90 
5.70 
5.70 
5.60 
5.60 
5.60 
6.40 
5.40 
5.60 
5.70 


5.70 

5.90 

6. .50 

7.20 

7.10 

7.80 

7.50 

7.30 

7.50 

8.70 

9.30 

10.10 

10.80 

11.50 

12.20 

12.10 

11.50 

10.70 

10.50 

10.50 

11.30 

10.50 

10.50 

9.70 

0.40 

9.70 

10.20 

10.50 

11.00 

10.90 


10.20 

9.70 

9.40 

9.30 

9.00 

8.90 

8.60 

8.00 

7.80 

7.80 

7.90 

8.00 

8.00 

8.40 

8.60 

8.60 

8.80 

8.80 

8.90 

9.00 

9.20 
10.00 
10.60 
10.50 
10.50 

9.05  I 

9.10 

9.00 

9.40 

9.40 

9.50   . 


9.40 
9.20 
9.50 
9.00 
9.10 
9.40 
9.40 
9.00 
8.60 
8.40 
8.00 
7.90 
7.60 
7.70 
8.00 
8.30 
8.50 
8.70 
8.60 
8.40 
8.30 
8.20 
8.20 
8.00 
7.80 
7.60 
7.20 
7.20 
7.30 
7.60 


7.60 
7.60 
7.40 
7.40 
7.60 
7.60 
7.60 
7.40 
7J0 
7.00 
6.90 
6.90 
6.70 
6.30 
6.10 
6.00 
6.00 
5.90 
5.90 
5.80 
5.70 
5.60 
5.60 
5.50 
5.50 
5.30 
5.20 
5.20 
5.00 
5.00 
5.00 


4.90 

4.90 

4.80 

4.80 

4.70 

4.70 

4.60 

4.50 

4.50 

4.30 

4.30 

4.20 

4.20 

4.10 

4.10 

4.10 

4.00 

4.00  I 

4.00  ' 

3.9    , 

3.90 

3.90 

3.80 

3.80 

3.80 

3.80 

3.80 

3.85 

3.85 

3.80 

3.80 


3.80 
3.80 
3.80 
3.80 
3.80 
3.75 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.65 
3.&5 
3.65 
3 .65 
'S.6ry 
3.65 
3.70 
3.80 
3.80 
3.80 
3.80 
3.85 
3.85 
3.80 


3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
4.00 
4.00 
4.00 
4.10 
4.10 
4.00 
4.00 
4  00 
4.00 
4.00 
4.00 
4.00 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.80 
3.80 


3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.85 
3.85 
4.00 
4.00 
4.10 
5.80 
6.30 
6.30 
6.30 
6.20 
6.00 
6.20 
6.20 
6.30 
6.30 


6.00 
5.90 
5.90 
5.60 
5.40 
5.40 
5.30 
5.20 
5.20 
5.00 
5.00 
5.00 
4.90 
4.90 
5.00 
5.40 
5.50 
5.50 
5.50 
5.60 
5.70 
5.80 
5.80 
5.80 
5.60 
5.50 
5.30 
5.20 
5.20 
5.10 
5.10 
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Rating  (able  for  Yakima  River  near  Yakima,  W ash.  ^  from  January  1  to  December  31, 190^. 


Gage 
height. 

Feel. 

Discharge. 
Secondr-feet. 

Gage 
height. 

Feet. 

Discharge. 
Second- feet. 

1 

Gage 
height. 

Discharge. 

Gage 
height. 

Feet. 

Diseliargr. 

1     Feet. 

Sectmd'ffet. 

Seconds/ret. 

3.70 

840 

5.10 

2, 315 

6.40 

4,775 

8.40 

11,600 

3.80 

920  • 

1 

5.20 

2,455 

6.50 

5,035 

8.60 

12,480 

3.90 

1,000 

5.30 

2,600 

6.60 

5,295  , 

8.80 

13,d60 

4.00 

1,090  , 

5.40 

2,750 

6.70 

5,565  1 

9.00 

14,240 

4.10 

1, 180 

5.50 

2,910 

6.80 

5,835 

9.20 

15,120 

4.20 

1,280 

5.60 

3,070 

6.90 

6,115 

9.40 

16,000 

4.30 

1,380 

5.70 

3,240 

7.00 

6, 405  ' 

9.60 

16,880 

4.40 

1,480 

5.80 

3,420 

7.20 

7,025  1 

9.80 

17, 760     ' 

4.50 

1,580 

5.90 

3,615 

7.40 

7,720 

10.00 

18,640 

4.60 

1 

1,690 

6.00 

3,830 

7.60 

8,440 

10.50 

20,840 

4.70 

1,800 

6.10 

4,055 

7.80 

9,170 

11.00 

23,040 

4.80 

1,920 

6.20 

4,285 

8.00 

9,930 

11.50 

25, 240     , 

4.90 

2, 045 

6.30 

1 

4,525 

8.20 

10, 740  ' 

12.00 

27,440     1 

5.00 

2,180 

1 

1 

1 

1 
1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  10 
discharge  measurements  made  during  1904.  It  is  fairly  well  dc6ned  between  gage  heiglits 
3.80  and  10.00.  The  table  has  been  extended  beyond  these  limits.  Above  gage  height  8.30 
feet  the  rating  curve  is  a  tangent,  the  difference  being  440  per  tenth. 

Estimated  monthly  discharge  of  Yakima  River  near  Yakima,  Wash.,  for  196j^ 

[Drainage  area,  3,300  square  miles.] 


Month. 


January. . . 
February. . 

March 

April 

May 

June 

July 

August . . . . 
September. 
October. . . 
November. 
December. 


Discharge  in  second-feet. 


Run-off. 


Maximum.     Minimum.       Mean. 


Total  in 
acre-feet. 


Second-feet    rfc^_#K  ,•„ 
per  square     'JSSiL*" 
mile.  *"*^****- 


The  year. 


5,  570 

2,180 

3,482 

214, 800 

1.06 

1.22 

2,910 

2,050 

2,430 

139,800 

.736 

.794 

7,360 

1,920 

3,487 

214,400 

1.06 

1,22 

29,320 

3,240 

16,730 

995,300 

5.07 

5.66 

21,280 

9,170 

14,400 

885,500 

4.36 

5.03 

16,440 

7,030 

11,460 

681,100 

3.47 

3.87 

8,440 

2,180 

4,939 

303,700 

1.50 

1.73 

2,050 

920 

1,287 

79,130 

.390 

.4.'jO 

960 

800 

868 

51,650 

.263 

.293 

1,180 

920 

1,036 

63,700 

.314 

.3Gt> 

4,  525 

920 

2,082 

123,900 

.631 

.71M 

3,830 

2,045 

2,778 

170,800 

.842 

971 

29,320 

800 

5,415 

3, 924, 000 

1.64 

22.3t> 
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YAKIMA   RIVER   AT   PROSSER,  WASH. 

This  station  was  established  May  30,  1904,  by  G.  H.  BHss.  It  is 
located  at  the  highway  bridge  600  feet  below.Prosser  Falls  at  Prosser, 
Wash.  A  standard  chain  gage  is  attached  to  the  upstream  side  of  the 
bridge  near  the  right  bank.  The  length  of  the  chain  from  the  end  of 
the  weight  to  the  marker  is  28.06  feet.  This  length  is  marked  on  the 
upstream  guard  rail  by  means  of  two  nails.  The  gage  is  read  twice 
each  day  by  J.  N.  Jacoby  and  Bernard  Winter.  Discharge  measure- 
ments are  made  from  the  downstream  side  of  the  bridge  to  which  the 
gage  is  attached.  The  bridge  has  a  single  span  with  trestle  approach 
at  either  end.  The  initial  point  for  soundings  is  a  nail  driven  into  tl*  e 
downstream  guard  rail  30  feet  from  the  right  bank.  The  channel  is 
straight  for  about  100  feet  above  and  600  feet  below  the  station.  The 
current  above  the  station  is  swift,  the  foot  of  the  rapids  being  150  feet 
above.  The  current  below  the  station  is  sluggish  at  ordinary  and 
swift  at  higher  stages.  Both  banks  are  high  and  not  subject  to  over- 
flow. The  bed  of  the  stream  is  composed  of  rock,  free  from  vegeta- 
tion, and  permanent.  There  are  large  bowlders  in  the  channel. 
There  is  but  one  channel  at  all  stages,  broken  by  the  trestle  bents 
on  either  side  during  the  higher  stages.  Bench  mark  No.  1  is  a  spike 
in  a  sill  on  the  east  end  of  the  pump  house  of  the  Prosser  Irrigation 
Company's  canal.  Its  elevation  is  13.870  feet  above  the  datum  ol 
the  gage.  Bench  mark  No.  2  is  a  spike  on  upright  bridge  timber  20 
feet  south  of  the  steel  and  concrete  pier  on  the  south  bank.  Its  ele- 
vation is  11.422  feet  above  the  datum  of  the  gage.  Bench  inark  No. 
3  is  the  top  of  the  steel  cylinder  of  the  concrete  pier  at  the  right  bank, 
upstream  side.  Its  elevation  is  23.923  feet  above  the  datum  of  the 
gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Discharge  measuremeiUs  of  Yakima  River  at  Prosser,  Wash.,  in  1904- 


Date. 


Hydrographer. 


May  30 G.  F.  Harlev 

Julv  26 do 

August  11 do 

Septemteri?....;  G.H.  Bliss.. 


Width. 

Feet. 
228 
151 
136 


Area  of 
i  section. 


Sq.feet. 
2,500 
1,340 
1,020 


Mean 
velocity. 


Ft.  per  sec. 
5.90 

1.51 
.70 


«aee 
height. 

Dis- 
cbarga. 

Feet. 

Sec-feet, 

10.08 

^14,800 

4.00 

2,030 

2.30 

706 

.90 

*258 

a  Surface  meaaurement. 


fr  Flume,  175;  river,  90;  pump  7. 
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Mean  daily  gage'heightf  in  feet,  of  Yakima  River  at  Prosaer,  Wadk.jfor  1904- 


1. 
2. 
3. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


Day.        '  June. '  July. 


10.04 


9.62 

9.75 

10.00 

10.21 

10.10 

9.50 

9.04 

8.79 

8.50 

8.23 

8.04 

8.19 

8.50 


9.50 

7.50 

9.04 

7.25 

8.79 

7.08 

8.50 

6.92 

8.23 

8.67 

8.04 

6.33 

7.50 
7.87 
8.08 
8.29 
8.37 
8.31 
8.08 
8.00 
7.50 
7.25 
7.08 
6.92 
8.67 
6.33 
6.08 
5.83 


Aug. 

3.46 
3.42 
3.33 
3.25 
3.12 
2.92 
2.75 
2.67 
2.54 
2.42 
2.33 
2.25 
2.12 
2.08 
2.00 
1.96 


ept.  ' 
1.08 

Oct. 

1.58 
1.50 
1.75 
1.75 
1.75 
1.75 
1 .75 
1.83 
1.83 
1.83 

....... 

Day. 
17 

June. 

8.75 
9.00 
9.37 
9.33 
9.04 
8.71 
8.54 
8.12 
7.67 
7.33 
7.17 
7.21 
7.37 
7.50 

July. 
5.58 

1.12 
1.17 

18 

19 

5.37 
4.75 

1.04 

'  20 

4.71 

1.12 

,  21 

4.54 

1.17 

1 
22 

4.50 

1  1? 

'  23 

4.37 

1. 00 

,  24 

4.21 

.87 

25 

4.08 

.79 

26 

4.04 

.75 

'27 

3.87 

.83 
.83 

28 

1  29 

3.79 
3.75 

83' 

1  30 

3.67 

.83 

31 

3.62 

.92 

Aug.     Sept.      Oft. 


1  J(7 

.83  .. 

1.75 

J&    .. 

,  1.67 

.92  .. 

1.50 

.96  .. 

1.42 

.96  .. 

1.33 

.•6  .. 

1.29 

1.00  .. 

1.29 

1.04  .. 

1.25 

1.17  .. 

1.29 

1.23  .. 

1.21 

1.42  .. 

1.21 

1.42  .. 

1.17 

1.42 

1.17 

1.50  .. 

1.08 

Rating  table  for  Yakima  River  at  Prosser,  Wash.,  from  May  29  to  October  10, 1904- 


hSift.      I"«h'"^-  ,    h?lX. 


Discharge. 


hd^t.    '  I>t«^harge, 


Feet. 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.50 
8.00 
8.50 
9.00 
9.50 
10.00 
10.50 
11.00 


.  Second-frft. 
4,S00 
5,200 
5,600 
6,020 
6,460 
6,&I0 
7,420 
8,620 
9,820 
11,020 
12,220 
13,  420 
14,620 
15,820 
17,020 


The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  well  defined  to  gage 
height  10.08  feet.  The  table  has  been  extended  alx>ve  this  limit.  Above  gage  height 
6.60  feet  the  rating  curve  is  a  tangent,  the  difference  being  240  per  tenth. 
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EstimaUd  monthly  discharge  of  Yakima  River  at  Prosser,  Wash. ^  for  lOOJ^. 


Month. 


Discharge  in  second-feet. 


Maximum.      M^imiim. 


Mean. 


Total  in 
acre-feet. 


April 
May" 
June 


July 

August 

September. . . 
October  1-10. 


15,100 

7,780 

10,660 

1,610 

1,480  ! 

280 

375  1 

250 

16, 670 

13, 810 

11,500 

5,512 

658 

282 

457 


The  period. 


957,000 

849,400 

695,000 

338,900 

40,460 

16,780 

9,243 

2,907,000 


a  Estimated  from  discharge  at  Union  Gap. 


b  Discharge  estimated  for  June  2  and  3. 


NoTK. — The  discharges  given  above  arc  those  which  occur  below  the  wasteway  of  flume  of  Prosser 
Fails  power  house     Flume  waste  =  200  second-feet 

YAKIMA    RIVER   AT   KIONA,  WASH. 

This  station  was  established  August  20,  1895.  It  is  located  at  the 
highway  bridge  on  the  county  road  about  1,800  feet  northwest  of  the 
Northern  Pacific  Railroad  station  at  Kiona,  Wash.  It  is  about  23 
miles  above  the  mouth  of  the  river.  The  original  gage  consisted  of 
an  inclined  and  a  vertical  section,  spiked  to  the  east  end  of  the  south 
pier  of  the  bridge  and  anchored  with  rocks.  The  present  gage  is  of 
the  wire  type,  and  is  located  on  the  downstream  side  of  the  bridge 
between  the  fifth  and  seventh  verticals  from  the  right  bank.  The 
length  of  the  wire  from  the  end  of  the  weight  to  the  marker  is  27.21 
feet.  The  distance  from  the  end  of  the  scale  board  to  the  outside 
edge  of  the  pulley  is  2.00  feet.  The  gage  is  read  once  each  day  by  W.  A. 
Kelso.  Discharge  measurements  are  made  from  the  upstream  side 
of  the  bridge  to  which  the  gage  is  attached.  There  is  a  stay  wire  70 
feet  above  the  bridge.  The  initial  point  for  soundings  is  a  point  on 
the  west  side  of  the  bridge  100  feet  south  of  the  center  of  the  south 
pier  of  the  main  span.  The  channel  is  straight  for  500  feet  above  and 
for  400  feet  below  the  station.  The  current  has  a  moderate  velocity. 
The  right  bank  is  low,  but  is  well  protected  by  a  levee  and  is  not  sub- 
ject to  overflow.  The  left  bank  is  somewhat  higher  and  is  not  subject 
to  overflow.  The  bed  of  the  stream  is  composed  of  fine  gravel,  not 
.  ubject  to  change.  At  low  water  the  river  flows  beneath  the  middle 
main  span;  at  high  water  it  passes  under  an  additional  shorter  span 
at  each  end  of  the  bridge.  Bench  mark  No.  1  is  the  top  of  a  spike  in 
the  east  end  of  the  cap  of  the  first  trestlebent  on  the  right  bank.  Its 
elevation  above  gage  datum  is  20.94  feet.  Bench  mark  No.  2  is  a  spike 
on  the  north  side  of  the  stay-wire  post  on  the  right  bank.  Its  eleva- 
tion above  gage  datum  is  18.73  feet.     Bench  mark  No.  3  is  a  nail  in 
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the  upstream  end  of  the  first  trestle  bent  on  the  left  bank.  Its  eleva- 
tion is  18.73  feet  above  gage  datum.  The  top  of  the  2-inch  pulley  is 
25.62  feet  above  gage  datum.  The  United  States  Geological  Sur\'ey 
standard  iron  bench-mark  post,  near  the  Northern  Pacific  Railroad 
station,  has  an  elevation  above  sea  level  of  515  feet.  The  elevation 
of  gage  datum  above  sea  level  is  453  feet.  AU  bench  marks  are 
marked  '^B.  M.*'  with  black  paint.  ^ 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Discharge  measuremerUs  of  Yakima  River  at  Kioruif  Wtuh.j  in  1904. 


Date. 


Hydrograpber 


June  6 ;  G.  F.  Harlev. 

Septembers ' do , 


!   Width. 


Area  of 

section. 


Mean 
velocity. 


Feet.     \  Sq.feet.    Ft.pertec 


326 
205 


2,600 
528 


5.34 
.41 


Oacre 
height. 


Feet. 
10.59 
2.70 


Dis- 
diarge. 


Sec-feet. 
13.880 

217 


Mean  daily  gage  height,  in  feet,  of  Yakima  River  at  Kiona,  Wash.,  for  1904. 


Day. 


Jan. 


Feb.  '  Mar.  '  Apr.  >  May. 


June.    July. 


1.. 

2.. 

3.. 

4.. 

6.. 

6.. 

7... 

8.. 

9.. 
10.. 
II.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.., 
29.. 
30.. 
31.. 


5 


.45 
.40 
.40 
.3.5 
.35 
.30 
.25 
.20 
.20 
.35 
.35 


5 .35 


.30 
.90 


.00 

.ft"! 

.m 

.20 
.20 
.20 
.20 
.90 

.85 
.SI) 
.70 
.(50 
.tio 


5.55 
5.50 
5.50 
5.50 
5.45 
5.40 
5.40 
5.35 
5.30 
5.25 
5.25 
5.25 
5.25 
5.15 
5.20 
5.20 
5.15 
5.10 
5.00 
5.10 
5,ft5 
5. a'. 
5  .a'l 

5 .20 


r. 


5..y 
5 .25 
5 .25 
5 .25 


5.2.5  I 


7n 


5.20 

5.15 

5.15 

5.10 

5.00 

5.05 

5.70 

7.40 

7.55 

7.50 

7.50 

7.50 

7.10 

6 .8.5 

6.80 

6.65 

6.45 

6.45 

6.35 

6 .35 

6  ..'W 

6.30 

6.20  I 

6.10 

6.00 

5.90  I 

5.8.5  ^ 

5.75  ' 

5.70 

5.80 

5.80 


6.05 

6.25 

6.90 

7.10 

7.95 

8.10 

9.a5 

8.65 

8.50 

8.80 

9.20 

10.90 

11.80 

12. .55 

13.50 

14.60 

15.00 

14.40 

13.65 

13 .45 

13. .55 

13.55 

13.25 

12.75 

11.85 

11.60 

11.35 

11.80 

12.50 

13.05 


13.05 

12.10 

11.45 

10.80 

10.60 

10.25 

9.85 

9.50 

9.30 

9.20 

9.15 

9.10 

9.20 

9.30 

9.50 

9.85 

10.2.5 

10.25 

10.30 

10  ..^5 

10.40 

10.70 

11.45 

11.90 

12.35 

11.75 

11.00 

10.75 

10.70 

10.80 

10.75 


10.65 

10.20 

10.30 

10.25 

10.40 

10.6.5 

10.90 

10.65 

10.00 

9.60 

9.30 

9.05 

8.75 

8.70 

8.75 

9.15 

9.40 

9.55 

9.90 

9 .75 

9.50 

9.25 

9.05 

8.60 

8.15 

7.80 

7.75 

7.70 

7.90 

8.00 


8.20 
8.35 
8.45 
8.70 
8.90 
8.80 
8.55 
8.40 
8.15 


7.75 


:    •* 


- 


Aug.     Sept.     Oct. 


7.45 

<.20 

7.a5 

6.70 

6.50 

6.20 

5.95 

5.75 

5.60 

5.45 

5.25 

5.20 

6.15  ^ 

5.05,' 

5.00 

4.90 

4.80  I 

4.75  I 

4.65  ' 

4 .55  I 

4.50 


4.40 
4.30 
4.20 
4.10 
4.00 
3.90 
3.85 
3.80 
3.80 
3.80 
3.60 
3.00 
3.50 
3.45 
3.40 
3.35 
3.30 
3.30 
3.20 
3.00 
3.00 
3.00 
2.95 
2.90 
2.90 
2.90 
2.80 
2.75 
2.65 
2.65 
2.70 


2.70 
2.70 
2.75 
2.75 
2.75 
2.75 
2.75 
2.65 
2.70 
2.70 
2.70 
2.70 
2.65 
2.65 
2.65 
2.70 
2.70 
2.70 
2.75 
2.75 
2.75 
2.70 
2.70 
2.75 
2.75 
2.75 
2.80 
3.00 
3.00 
3.10 


3.10 
3.20 
3.20 
3.25 
3.25 
3.30 
3.30 
3.30 
3J0 
3.30 
3.35 
3.35 
3.90 
3.95 
3.95 
3.90 
3.80 
3.80 
3.75 
3.75 
3.75 
3.75 
3.80 
3.80 
3.75 
3.75 
3.70 
3.65 
3.00 
3.05 
3.70 


Nov.  ;  Dec. 


6.65 
6.40 
6.65 
6.50 
5.90 
5.W 
5.70 
5. do 
5.45 
5.40 
5..'« 
5.35 


5.25 


5J0 
5.15 
5.40 
5. HO 
5.90 
7.00 
7.00 
6.15 
6J9D 
6.30 
6.20 
6.00 
5.80 
5.t»5 
5.60 
5. .50 
5.50 
5. SO 


3.60 

3.60 

3.65 

3.85 

4.00 

4.00 

4.05 

4.05 

4.15 

4.10 

4.15 

4.10 

4.15 

4.10 

4.20 

4.20  , 

4.15 

4.20 

4.20  I 

4.20 

4.30 

6.20 

6.80 

6.70 

6.60 

6.30 

6.50  ' 

6.90 

6.45  , 


6.15 
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Rating  table  for  Yakima  River  at  Kiana,  Wath.,from  January  1, 190S,  to  December  31,  J904. 


he^^. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 
Second- feet. 

height. 
Feet. 

Discharge. 
Second-feet. 

Gage 
height. 

Feet. 

1 

Discharge. 

Feet. 

Feet. 

Second- feet. 

2.60 

195 

4.30 

1,160 

6.00 

3,320 

8.40 

8,350 

2.70 

215 

4.40 

1,250 

6.10 

3,480 

8.60 

8,830 

2.80 

245 

1       4.50 

1 

1,350 

6.20 

3,650 

8.80 

9,320 

2.90 

280 

4.60 

1,450 

6.30 

3,820 

9.00 

9,820 

'       3,00 

315 

1      4.70 

1,560 

6.40 

3,990 

9.20 

10,320 

3.10 

365 

4.80  . 

1,670 

6.50 

4,170 

9.40 

10,840 

3.20 

395 

'      4.90 

1,780 

6.60 

4,350 

9.60 

11,360    , 

3.30 

440 

5.00 

1,900 

6.70 

4,540 

9.80 

11,880 

3.40 

490 

5.10 

2,020 

6.80 

4,740 

10.00 

12»400 

3.50 

555 

5.20 

2,150 

6.90 

4,950 

10.50 

13,720 

3.60 

620 

5.30 

2,280 

7.00 

5,160 

.     11.00 

15,100    = 

3.70 

690 

5.40  ; 

2,420 

7.20 

5,600 

1     11.50 

16,580 

3.80 

760 

5.50  ' 

2,560 

7.40 

6,040 

12.00 

18,080 

3.90 

835 

5.60 

2,700 

7.60 

6,480 

13.00 

1 

21,080 

4.00 

910 

5.70 

2,850 

7.80 

6,940 

14.00 

24,080 

4.10 

990 

,i      5.80 

3,000 

8.00 

7,400 

15.00 

27,080 

j       4.20 

'        1,070 

5.90 

3,160 

8.20 

7,870 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  dis- 
charge measurements  made  during  1903  and  1904.  It  is  well  defined  to  gage  height,  9.00 
feet.     The  table  has  been  extended  beyond  this  limit. 

Estimated  monthly  discharge  of  Yakima  River  at  Kiona,  Wash.,  for  190J^. 

[Drainage  area,  A,230  square  miles.] 


Month. 


January 

Februarv 

March 

April ., 

May 

June 

July 

August 

September 

October 

November 

December , 

The  year.. 


Discharge  in  second- 

Maximum.     Minimum. 

t 

feet. 

ToUlin 
acre-feet. 

Run- 

Second-feet 

per  square 

mile. 

off. 

Mean. 

Depth  in 
inches. 

5,270 

2,150 

3,  144 

193,300 

0.601 

0.693 

2,630 

1,900 

2,234 

128,500 

.427 

.461 

6,370 

1,900 

3,800 

233,700 

.727 

.838 

27,080 

3,400 

15,800 

940,200 

3.02 

3.37 

21,230 

10,070 

13,860 

852,200 

2.65 

3.06 

i      14,820 

6,710 

10,690 

636,100 

2.04 

2.28 

'        9, 570 

1,350 

4,654 

286,200 

.890 

1.03 

1,250 

205 

551 

33,880 

.105 

.121 

355 

205 

232 

13,800 

.044 

.049 

1            872 

355 

620 

38,120 

.119 

.137 

'        4,740 

620 

1,892 

112,600 

.362 

.404 

5,160 

2,085 
205 

3,166 

194,700 

.605 
.966 

.698 

27,080 

1 

5.054 

3,663,000 

13.14 
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[NO.  135. 


KACUESS    RIVER    NEAR    E ASTON,  WASH. 

This  station  was  established  October  14,  1903,  by  G.  H.  Bliss.  It 
is  located  2  miles  northwest  of  Easton,  Wash.,  and  one-half  mile 
below  the  foot  of  Lake  Kachess,  at  which  a  dam  is  being  construe  ted 
by  the  Cascade  Canal  Company.  The  gage  is  an  inchned  rod  on  the 
left  bank,  directly  under  the  cable.  The  gage  is  read  once  each  day 
by  W.  W.  Johnson.  Discharge  measurements  are  made  by  means  of 
a  cable  car,  tagged  wire,  and  stay  wire.  The  cable  is  of  one-half 
inch  plow  steel  and  has  a  span  of  120  feet.  The  initial  point  for  sound- 
ings is  the  south  side  of  the  aspen  tree  to  which  the  cable  is  fastened, 
on  the  left  bank.  The  channel  is  straight  for  600  feet  above  and  for 
150  feet  below  the  station.  The  current  is  swift.  Both  banks  are 
high,  wooded,  and  not  liable  to  overflow.  The  bed  of  the  stream  is 
composed  of  gravel  and  rocks,  free  from  vegetation.  The  bench 
mark  is  the  top  of  a  large  wire  nail  driven  into  the  south  side  of  the 
large  aspen  tree  to  which  the  cable  is  fastened,  on  the  left  or  north 
bank.  The  tree  is  blazed  and  is  marked  '^B.  M. ''  with  black  paint. 
The  nail  is  near  the  base  of  the  tree  and  has  an  elevation  of  11.27  feet 
above  the  zero  of  the  gage. 

During  periods  noted  in  the  table  of  gage  heights  the  wasteway  of 
the  dam  was  closed  and  the  entire  flow  of  the  river  impounded.  The 
tabulated  mean  monthly  discharge  for  the  months  afl'ected  is  the 
average  for  the  entire  month,  including  the  period  during  which  the 
wasteway  was  closed.     No  water  is  diverted  above  the  gaging  station. 

Observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Discharge  measurements  ofKach^ss  Rh'er  near  Easton,  Wash.,  in  1903  and  190J^. 


Date. 


1903. 
October  14. 

1904. 
May  12.... 
May  18^'.. 

June  14 

July  12. . . . 
July  20.... 
August  3... 
August  24. 


Hj'drographcr. 


G.  II.  Bli38. 


O.  F.  Harloy 
G.  II.  Bliss.. 
G.  F.  Harley 

do 

do 

do 

do 


Width. 


FeH. 


72 


74 


73 


68 
C)3 


Area  of 
section. 

Mean 
velocity. 

1 

(taeo 
height. 

nis- 

charge. 

Sq.Jeet. 

1 

Ft.  per  aec.  j 

Feet. 

Sec-eel. 

206 

3.11   , 

5.30 

642 

193 

2.73 

5.06 

527 

5 

2.0 

2. 65 

10 

2,3.5 

3.42 

5. 64 

MV> 

140 

2.32 

4.27 

32»5 

119 

2.00 

3.97 

2:^0 

95 

L.W  j 

3.61 

14S 

71 

.90 

3.26 

64 

a  Floats,  below  station. 
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Mean  daily  gage  height,  in  feet,  cfKatheas  River  near  Ea^on,  Wa^.,for  IBOj^. 


Day 


Jan.      Feb.     Mar. 


I 


1. 
2. 
3. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
U. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20- 
21. 
22. 
23. 
24. 
25. 
2fi. 


2/ 


2;.. 

30.. 
31.. 


.90 

.90 

.90 

.90 

.90 

.80 

.80 

.80 

.80 

.00 

.00 

.10 

.20 

.30 

.40 

..50 

.50 

.50 

.50 

.50  ' 

.50  I 

.40 

.30 

.30 

J2ti 

.20 

.10 

.10 

.00 

.00 

.00 


4.00 

4.00 

3:90 

3.90 

3.90 

3.90 

3.90 

3.80 

3.80 

3.80 

3.80 

3.80 

3.80 

3.80 

3.80 

3.80 

3.80 

3.80 

3J» 

3.50 

3.50 

3.50 

3.60 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 


(•) 

(«) 

(•) 

(«) 

(«) 

4.20 

4.60 

4.50  ^ 

4.50  I 

4.50 

4.50 

4.40 

4.40  ' 

4.30  ' 

4.20 

4.10 

4.10 

4.10 

4.00 

4.00 

4.00  I 

3.90 ; 

3.90  ' 

3.80 

3.80 

3.80 

3.70 

3.70 

3.70 

3.70 

3.70 


Apr. 

3.70 

3.70 

3.70 

3.70 

3.70 

3.70 

3.70 

3.70 

3.70 

3.80 

3.80 

4.00 

4.00 

(«) 

(«) 

(«) 

5.70 

6.20 

6.10 

6.00 

6.00 

5.90 

5.90 

5.80 

5.60 

5.50 

5.60 

5.70 

5.90 

5.90 


May. 

5.90 

5.70 

5.60 

5.00 

5.50 

5.40 

5.40 

5.40 

5.30 

5.20 

5.20 

5.10 

5.15 

5.25 

5J0 

5.30 

4.50 

(•) 

(a) 

(«) 

(») 

4.30 

4.80 

5.10 

5.10 

5.20 

5,30 

5.40 

5.50 

5.90 

6.00 


June.    July 


6.00 
5.80 
5.95 
tJOO 
6.25 
6.30 
6.20 
6.05 
6.00 
5.90 
5.80 
5.60 
5.60 
5.70 
5.60 
5.60 
5.f.0 
5.70 
5.70 
5.60 
5.60 
5.50 
5.40 
5.30 
5.20 
5.15 
4.90 
4.40 
4.15 
3.90 


4.00 
4.10 
4.50 
5.50 
5.20 
5.10 
5.00 
4.50 
4.40 
4.40 
4.40 
4.30 
4.20 
4.10 
4.10 
4.10 
4.10 
4.00 
4.00 
4.00 
4.00 
3.90 
3.90 
3.H) 
3.80 
3.80 
3.80 
3.75 
3.80 
3.60 
3.60 


Aug. 

3.60 
3.50 
3.40 
3.60 
3.40 
3.40 
3.40 
3.50 
3.60 
3.55 
3.50 
3.50 
3.50 
3. SO 
3.50 
3.40 
3.40 
3.30 
3.30 
3.30 
3.30 
3.25 
3.50 
3.55 
3.55 
3.55 
3.55 
3.55 
3.55 
3.55 
3.55 


I 


Sept, 

3.50 
3.50 
3.50 
3.50 
3.55 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.45 
3.25 
3.40 
3.50 
3.70 
3.70 
3.40 
3.70 
3.00 
3.85 
3.90 
3.85 
3.80 
3.80 
3.f0 
3.90 
3.90 
3.80 
3.80 


Oct. 

4.25 
3.80 
3.70 
3.80 
3.75 
3.70 
3.65 
3.65 
3.60 
3.70 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.50 
3.60 
3.50 
3.50 
3.30 
3.40 
3.40 
3.40 
3.40 
3.30 
3.29 
3.30 
3.30 


Nov.  !  Dec. 


r 


3.30 
3.30 
3.30 
3.90 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.30 
3.35 
3.40 
3.75 
3.90 
4.00 
4.10 
4.10 
4.10 
4.10 
4.10 
4.25 
4.35 
4.35 


.10 
.35 
.35 
.35 
.25 

.40 
.50 
.55 
.60 
.65 
.65 
.65 
.65 
.60 
.55 
.50 
.40 
.40 
.40 
.35 
.30 

a  Water  shut  off  at  dam. 


Rating  table  for  Kachess  River  near  Eastern,  Wash,  y  from  November  2i),  190Sy  to  December  31 

1904. 


Gage 
height. 


Feet. 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 


Discharge. 

Second-feet. 
9 
12 
17 
24 
33 
44 
57 
73 
95 
120 


Gage 
height. 


Feet. 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 


Discharge. 


Gaae 
heignt. 


Second-feet.        Feet 


145  ' 

4.60 

170 

4.70 

195  ' 

4.80 

220 

4.90 

245  ' 

5.00 

270 

5.10 

300 

5.20 

330 

5.30 

360 

5.40 

390 

5.50 

Discharge. 

;  Second-feet. 
420 
450 
485 
520 
555 
590 
625 
665 
705 
745 


Gage 
heignt. 


Feet. 
5.60 
5.70 
5.80 
5.90 
6.  CO 
6.10 
6.20 
6.30 
6.40 
6.50 


Dischai^. 

Second-feet. 

785 

825 

865 

910 

955 

1,000 

1,050 

1,100 

1,150 

1,200 
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The  preceding  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  8 
discharge  measurements  made  during  1903  and  1904.  It  is  w^U  defined  between  gage 
heights.2.60  feet  and  5.60  feet.  The  table  has  been  extended  beyond  these  hmits.  Above 
gage  height  6.10  feet  the  rating  curve  is  a  tangent,  the  difference  being  50  per  t«nth. 

EsHmated  monthly  discharge  ofKachess  River  near  EasUm^  Wash.jfor  190S  and  1904. 


Month. 


1903. 
November  20-30. 
December 


1904. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December  "  . . 


The  year. 


Discharge  in  seoond-feet. 


Maximum. 


530 
745 


390 
245 
420 

1,050 
955 

1,100 
745 
145 
220 
315 
345 


Minimum. 


170 
245 


195 
''0 
^0 
^0 
^0 
220 
145 
65 
33 
73 
57 


Mean. 


353 
426 


286 
153 
227 
495 
588 
778 
305 
113 
147 
138 
141 
376 


Total  in 
acre-feet. 


7,702 
26,190 


17,580 

8,801 

13,960 

29,460 

36,160 

46,290 

18,750 

6,948 

8,747 

8,485 

8,390 

23,120 


312        226, 700 


Run-off. 


Sacond-fect 
per  square 


Depth  In 
inches. 


5.60  2.29 

6.76  !         7-79 


4.54 
2.43 
3.60 
7.86 
9.33 
12.30 
4.84 
1.79 
2.33 
2.19 
2.24 
5.97 


5.23 
2.62 
4.15 
8.77 
10.76 
13.72 
5.58 
2.06 
2.60 
2.52 
2.50 
6.88 


4. 96         67. 39 


a  Discharge  December  6  to  15  interpolated. 


b  Water  shut  off  ut  dam. 


CLEALUM   RIVER   NEAR   ROSLY^,  WASH; 

» 

This  station  was  established  October  10,  1903,  by  G.  H.  Bliss.  It 
is  located  1,000  feet  below  the  outlet  of  Lake  Clealum.  It  is  2i  miles 
northwest  of  Roslyn  and  6J  miles  northwest  of  Clealum,  Wash.  The 
gage  is  an  inclined  rod  on  the  left  bank,  20  feet  upstream  from  the 
cable.  It  is  read  once  each  day  by  Charles  M.  Davis.  Discharge 
measurements  are  made  by  means  of  a  cable,  c^r,  tagged  wire,  and 
stay  wire.  The  initial  point  for  soundings  is  the  south  face  of  the 
black  pine  tree,  18  inches  in  diameter,  to  which  the  cable  is  fastened, 
on  thr  left  bank.  The  channel  is  straight  for  300  feet  above  and  for 
900  feet  below  the  station.  The  current  is  swift.  Both  banks  are 
high,  not  liable  to  overflow,  and  are  heavily  timbered.  The  bed  of 
the  stream  is  composed  of  gravel,  free  from  vegetation,  and  perma- 
nent.    The  bench  mark  is  a  large  spike  driven,  into  the  root  of  the 
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tree  to  which  the  cable  is  fastened ,  on  the  left  bank.  The  root  is  on 
the  east  or  downstream  side  of  the  tree,  and  the  tree  is  blazed.  The 
elevation  of  the  bench  mark  is  17.40  feet  above  the  zero  of  the  gage. 
The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Discharge  meaauremenUf  ofClealum  River  near  Rodyn,  Wadi.,  in  190J^. 


Dat«. 


1901. 


Mavll 


Hydrofn^pher. 


Width. 


Feet. 


Area  of 
section. 


Mftan 
velocity. 


G.  F.  Ilarley 


May  18 Bliss  and  Murphy 

May  23 G.  F.  Uarley 


do. 
do. 
do. 


June  13 

June  22 

Juh  30 

August  4 do 

August  18 do 

August  31 do 

September  22 do 

September  26  " do 


Sq,/eet.  \Ft.per9ec. 
1.46 
2.46 
3.22 
1.96 
2.29 
1.11 
0.91 
0.69 
0.58 
0.36 
1.17 


130 

906 

141 

1,146 

154 

1,383 

135 

1,036 

140 

1,124 

127 

809 

123 

763 

120 

696 

118 

649 

117 

608 

148 

187 

Gaffe 
leiffnt. 


heigl 


Feet. 
4.05 
5.60 
7.15 
4.85 
5.50 
3.22 
2.81 
2.27 
1.86 
1.49 
1.38 


Dia- 
chargo. 

8ec.-feet. 

1,319 

2,820 

4, 459 

2,048 

2,580 

897 

693 

480 

378 

220 

219 


a  Wading  800  feet  above  station. 


Mean  daUy  gage  height^  infeeij  ofClealum  River  near  Rodyn^  Wash.,  for  190^. 


Day. 

Jan. 
2.10 

Feb. 

Mar. 
1.70 

Apr. 

May. 

5.45 

June. 
6.00 

July. 

Aug. 
2.85 

Sept 
1.80 

Oct. 
1.55 

Nov. 
1.30 

Dec. 

1 

2.50 

1.65 

5.70 

2.80 

2 

2.05 

2.35 

1.70 

1.70 

5.30 

5.90 

5.80 

2.85 

1.75 

1.60 

1.35 

2.75 

3 

2.00 

2.10 

1.68 

1.70 

5.10 

5.95 

5.70 

2.80 

1.70 

1.55 

1.35 

2.65 

4 

2.01 

2.06 

1.65 

1.90 

4.90 

6.50 

5.60 

2.80 

1.70 

1.50 

1.35 

2.60 

5 

2.00 

2.03 

1.65 

2.00 

4.70 

6.70 

5.45 

2.80 

1.70 

1.50 

1.45 

2.50 

« 

2.00 

2.00 

1.70 

2.10 

4.55 

6.90 

5.45 

2.75 

1.70 

1.50 

1.45 

2.40 

7.............. 

1.95 
1.97 

2.00 
1.50 

1.70 
1.73 

2.20 
2.20 

4.35 
4.30 

6.50 
6.10 

5.40 
5.20 

2.75 
2.75 

1.70 
1.70 

1.45 
1.40 

1.45 
1.45 

2.20 

8 

2.10 

9 

2.00 

1.90 

1.75 

2.35 

4.10 

5.60 

5.00 

2.70 

1.70 

1.40 

1.50 

2.00 

10 

2.20 

1.85 

1.75 

3.35 

3.90 

5.40 

4.85 

2.70 

1.70 

1.36 

1.55 

2.00 

I. 

2.20 

1.90 

2.00 

3.60 

4.00 

5.20 

4.70 

2.65 

1.65 

l.m 

1.56 

1.95 

12 

2.35 

1.95 

2.20 

4.80 

4.20 

4.90 

4.55 

2.50 

1.60 

1.50 

1.55 

1.90 

13 

2.50 

2.00 

2.30 

6.70 

4.50 

4.95 

4.35 

2.45 

1.55 

1.55 

1.55 

1.90 

14 

2.90 

1.90 

2.20 

6.10 

4.65 

5.00 

4.10 

2.40 

1.50 

1.60 

1.45 

2.00 

15 

3.20 

1.90 

2.10 

6.60 

5.25 

5.40 

3.85 

2.35 

1.45 

1.65 

1.45 

2.30 

16 

3.27 
3.20 
3.20 

1.90 
1.85 
1.80 

2.05 
2.10 
2.20 

6.70 
6.35 
5.90 

5.40 
5.45 
5.60 

5.75 
5.80 
6.00 

3.60 
3.45 
3.40 

2.30 
2.30 
2.25 

1.40 
1.40 
1.40 

1.65 
1.65 
1.60 

1.50 
1.60 
1.80 

2.50 

17 

2.60 

l» 

2.70 

19 

3M 

1.80 

2.20 

5.60 

5.80 

6.20 

3.30 

2.25 

1.40 

1.55 

1.90 

2.80 

20 

2.90 

1.80 

?J5 

5.50 

6.30 

5.90 

3.20 

2.20 

1.40 

1.50 

2.10 

2.75 

21 

2.R5 

1.82 

2.35 

5.50 

6.45 

5.70 

3.15 

2.15 

1.40 

1.50 

2.60 

2.70 

22 

2.77 

IJO 

2.30 

5.50 

6.80 

5.50 

3.20 

2.10 

1.40 

1.50 

2.70 

2.65 

23 

2.70 

1    1.85 

2J20 

5.45 

7.05 

5.15 

3.25 

2.10 

-     1.40 

1.50 

1    2.90 

2.60 
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Mean  daily  gage  height,  in  feet,  ofClealum  River  near  Rodyn,  Wash.,  for  190j^ — Continued. 


Day. 


24 
25 
26 
27 
28 
29 
30 
31 


Jan. 

2.60 

2.50 

2.40 

2.40 

2.30  ' 

2.27 

2.20 

2.70 


Feb. 

Mar. 

Apr. 

May. 

Juno. 

1.00 

1.90 

5.45 

7.20 

4.80 

1.90 

1.90 

5.00 

6.80 

4.50  ' 

1.85 

1.65 

4.90 

6.50 

4.50 

1.80 

1.65 

4.70 

6.10 

4.60 

1.83 

1.70 

5.60 

6.ro 

4.90 

1.75 

1.60 

6.50 

6.20 

5.10 

1.63 

6.55 

6.25 

5.40 

1.60 

6.15 

July 


Sept. 

Oct. 
1.50 

Nov. 

1.40 

2^ 

1.35 

1.45 

2.75 

1.30 

1.40 

2.60 

1.30 

1.30 

2.60 

1.35 

1.20 

2.80 

1.40 

1.20 

2.90 

1.50 

1.20 
1.25 

2.85 

Dec. 

2.60 
2. .50 
2.40 
2.1) 
2.20 
2.10 
2.1.5 
2.20 


Rating  table  for  Clealum  River  near  Roslyn,  Wash.,  from  October  10  j  1903,  to  December  31,  liMf4. 


Gage 
height. 


Feel. 
1.20 

1.30 

1.40 

1.50 

1.60 

1.70 

1.80 

1.90 

2.00 

2.10 

2.20 

2.30 

2.40 

2.  .50 

2.60 

2.70 


Discharge. 


Second-feet. 
165 
190 
215 
240 
270 
300 
330 
360 
390 
425 
460 
495 
530 
565 
605 
645 


Gage 
heig 


ge 
:ht. 


Feel. 
2.80 

2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 
4.20 


Discharge. 


Second-feel. 

685 

725 

770 

815 

865 

915 

965 

1,020 

1,075 

1,130 

1,185 

1,245 

1,310 

1,380 

1,450 


Gage 
height. 


Feel. 

4.30 

4.40 

4.50 

4.60 

4.70 

4.80 

4.90 

5.00 

5.10 

5.20 

5.30 

5.40 

5.50 

5.60 

5.70 


Discharge.       ,,yj*f|J       Discharge 


Second-feet. 
1,520 
1,590 
1,670 
1,750 
1,830 
1,920 
2,010 
2,100 
2,190 
2,290 
2,390 
2,490 
2,590 
2,690 
2,790 


Feet. 
5.80 
5.90 
6.00 
6.10 
6.20 
6.30 
6.40 
6.50 
6.60 
6.70 
6.80 
6.90 
7.00 
7.10 
7.20 


Second-feet. 
2,890 

2,990 
3,100 
3,210 
3,320 
3,430 
3,540 
3,660 
3,780 
3,900 
4,020 
4,140 
4,260 
4,390 
4,520 


The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  12 
discharge  measurements  made  during  1903  and  1904.  It  is  well  defined  between  gage 
heights  1.20  feet  and  7.20  feet. 


""riirNVrBLt*']      Columbia  river  drainage  basin. 


95 


Estimated  monthly  discharge  ofClealum  River  near  Roslyn,  Wash.,  for  J9()3  and  190J^. 

[Drainage  area,  2a5  square  miles] 


Month. 


Discbarge  in  second-feet. 


1903. 
(VtolxT  10  31 
Nt)v<»mlK»r- .  . . 
IX'c*Mnl)er.  -  .. 


1904. 


Januarv. 
February 

Marcii 

April 


May 

Jvmt' 

.Inly 

Augtist. . . . 
Si'ptcinbi^r. 

(Vti)bf»r 

Xov<«nibpr. 
IX'comber . 


Maximum. 


Tho  vcar. 


1,534 
1,630 
3,900 

900 

565 

512 

3,900 

4,520 

4,140 

2,890 

705 

330 

285 

725 

685 

4,520 


Minimum. 


589 
478 
425 

375 
240 
270 
285 
1,245 
1,670 
725 
330 
190 
165 
190 
360 

165 


Mean. 


Totol  in 
acre-feet. 


967 

746 

1,022 

567 

367 

367 

1,971 

2,629 

2,676 

1,512 

517 

250 

234 

391 

527 

1,001 


Run-ofT. 


Second-feet 
per  square 


mi 


e. 


42,200 
44,390 
62, 840 


34,860 

21,110 

22, 570 

117,300 

161,700 

159,200 

92,970 

31,790 

14,880 

14,390 

23, 270 

32,400 

726, 400 


4.72 
3.64 
4.98 

2.77 
1.79 
1.79 
9.61 
12.82 
13. 05 
7.38 
2.52 
1.22 
1.14 
1.91 
2.57 

4.88 


Depth  in 
inches. 


3.86 
4.06 
5.74 

3.19 

1.93 

2.06 

10.72 

14.78 

14.56 

8.51 

2.90 

1.36 

1.31 

2.13 

2.96 


66.41 


NACHES    RIVER    NEAR    NILE,  WASH. 

This  station  was  established  June  25,  1904,  by  G.  F.  Ilarley.  It  is 
located  IJ  miles  above  the  highway  bridge,  23  miles  northwest 
of  North  Yakima,  and  8  miles  southeast  of  Nile,  Wash.  The 
station  is  1?  miles  above  the  junction  of  Naches  and  Tieton  rivers. 
An  inclined  staff  gage,  graduated  to  read  direct  to  feet  and  tenths, 
is  fastened  to  timbers  buried  on  the  left  bank.  The  gage  is  read  once 
each  day  by  W.  F.  White.  Discharge  measurements  are  made  by 
means  of  a  cable,  car,  and  tagged  wire,  at  the  gage.  The  cable  has  a 
span  of  216  feet.  The  initial  point  for  soundings  is  the  south  face  of 
the  pine  to  which  the  cable  is  fastened  on  the  north  bank.  The  chan- 
nel is  straight  for  about  600  feet  above  and  300  feet  below  the  station. 
The  current  is  moderate  at  the  station,  and  swift  above  and  below. 
The  right  bank  is  low,  wooded,  and  overflows  only  during  extreme 
high  floods.  The  left  bank  is  high,  rocky,  clean,  and  not  liable  to 
overflow.  The  bed  of  the  stream  is  composed  of  clean  gravel  and 
cobbles,  and  is  permanent.     There  is  one  channel  at  all  except  very 
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high  stages,  when  there  are  two.  The  section  is  flat  and  shallow. 
Bench  mark  No.  1  is  a  point  on  the  ledge  25  feet  upstream  from  the 
tree  supporting  the  cable  on  the  north  bank,  marked  with  a  cross 
and  '^B.  M.*'  Its  elevation  is  9.85  feet  above  the  zero  of  the  gage. 
Bench  mark  No.  2  is  a  large  spike  in  the  base  of  a  30-inch  pine  tre« 
115  feet  upstream  from  the  north  cable  support.  Its  elevation  is 
8.76  feet  above  the  zero  of  the  gage.  Bench  mark  No.  3  is  a  United 
States  Geological  Survey  standard  bronze  tablet  set  in  a  bow^lder 
700  feet  east  of  north  cable  support,  300  feet  from  the  river,  marked 
on  the  tablet  *'1661."  Its  exact  elevation  is  1,660.824  feet  above 
sea  level  and  9.20  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Discharge  measurements  of  N aches  River  near  NUcy  WcwA.,  in  190J^. 


Date. 


Hydrographer. 


Width. 


Area  of 
section. 


G.  F.  Harlcy. 
....do 


June  25 

July  6 

July  16 do.. 

July  28 ! do.. 

August  12 do. . 

September  6 i  J.  C.  Dry 


Feel. 
192 
192 
190 
190 
189 
186 


Sq.  /cH. 
490 
540 
370 
290 
215 
182 


Mean 
velocity. 


Ft.  per  sec. ' 
4.39  I 
5.00 
3.43 
2.78  I 
2.16 
1.70  I 


(Sage  Dis- 

height.      c^arg^. 


Fed.       Sec.'/eet. 


5.26 

5.55 

4.63 

4.25  ' 

3.84 

3.61 


2,1.10 

2,720 

1,270 

805 

465 

310 


Mean  daily  gage  height  ^  in  feet  y  of  N  aches  River  near  NUe^  Wofh.,  for  1904. 


Day. 


June.      July. 


Aug.      Sept 


Oct.       Nov.       Dec. 


5.80 
5.80 
5.70 
5.70 


9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
IH. 
19. 
20. 
21. 
32. 


5.70  i 

5.60  ' 

5.50 

5.40  j 

5.30  I 

5.20 

5.10 

5.10 

5.00 

4.80 

4.70 

4.60 

4.60 

4.50 

4.50 

4.40 

4.40 

4.50 


4.10 
4.10 
4.10 
4.10 
4.00 
4.00 
4.00 
4.00 
4.00 
3.70 
3.70 
3.70 
3.70 
3.60 
3.60 
3.60 
3.60 
3.50 
3.50 
3.50 
3.50 
3.50 


3.  .50 
3.50 
3.50 
3.40 
3.40 
3.40 
3.20 
3.10 
3.10 
3.20 
3.10 
3.05 
3.05 
3.05 
3.05 
3.05 
3.05 
3.00 
3.00 
3.00 
3.00 
3.10 


3.20 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.50 
3.70 
3.50 
3.60 
3.55 
3.40 
3.45 
3.50 
3.45 
3.40 
3.45 
3.45 


3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.35 
3.40 
3.40 
3.40 
3.40 
3.40 
3.35 
3.30 
3.35 
3.40 
3.45 
3.50 
3.50 
4.00 
5.05 
5.40 


4.40 
4.30 
4.20 
4.  10 

4  on 

4.00 

3.90 
3.90 
3.W 
3.  NO 

3.m 

3.W 
4.10 
4.00 
4.00 
4.00 
4.00 
4.00 

4.rKi 

4.10 
4.00 
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Mean  daily  gage  hei^i,  inftety  ofNaekes  River  near  Nile,  Wash.,  for  1904 — Continued. 


Day. 

Jtme. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 
23 '- 

450 
4.40 
4.40 
4.30 
4.30 
4.30 
4.20 
4.20 
4.20 

3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
8.50 
3.50 

3.10 
3.10 
3.10 
3.05 
3.05 
3.05 
3w05 
3.06 

3.40 
3.90 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 

5.20 
4.80 
4.60 
4.80 
4.70 
5.00 
4.80 
4.70 

3.90 

24 

3.80 

25 

5.30 
5.30 
5.40 
3.50 
5.60 
&70 

3.80 

26 .' : 

3.90 

27 

3.80 

28 

3.80 

29 

3.90 

30 

4.00 

31 

3.90 

Rating  tahUfar  Nathee  River  near  NUe,  Wath.^from  June  25  to  December  SI,  1904. 


OflBB 

hei^t. 

Diflohurge. 

Omb 
helgSt. 

DiachaiigB. 

OaoB 

DiachargB. 

Gage 
height. 

DischArge. 

FfdL. 

Beeond-fteL. 

Feel. 

1 
8etsomd-fea. ' 

Feel. 

Sfcond'feet. 

Feei. 

Seamd-feet. 

3.00 

139 

3.90 

496 

4.80 

1,476 

5.70 

2,997 

'     3.10 

158 

4.00 

576 

1 

4.90 

1,614 

5.80 

3,185 

3.20 

181 

4.10 

664 

5.00 

1,760 

5.90 

3,373 

3.30 

208 

4.20 

760 

5.10 

1,914 

6.00 

3,561 

3.40 

239 

4.30 

864 

5.20 

2,078 

6.10 

3,749 

3.50 

274 

4.40 

975 

5.30 

2,250 

6.20 

3,937 

3.00 

316 

4.50 

1,093 

5.40 

2,433 

6.30 

4,125 

3.70 

4.00 

1,216 

5.50 

2,621 

6.40 

4,313 

3.80 

425 

4.70 

1,344 

5.60 

2,809    1 

1 

6.50 

4,501 

The  aboTe  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  6  dis- 
charge measurements  made  during  1904.  It  is  well  defined  betw^n  gage  heights  3.61  feet 
and  5.55  feet.  The  taUe  has  been  extended  beyond  these  limits.  Above  gage  height  5.50 
feet  the  rating  curve  is  a  tangent,  the  difference  being  188  per  tenth. 

Eetimated  monOUy  discharge  ofNadies  River  near  NUe,  Wash.,  for  1904- 


June  25-30. 

Julv 

August 

September.. 
October.... 
November. . 
December.. 


Month. 


The  period. 


Discharge  in  second-feet. 


ICazimum. 


2,997 

3,185 

664 

274 

2,433 
975 


Minimum. 


2,250 
760 
274 
139 
181 
208 
425 


Mean. 


2,560 
1,662 
390 
173 
234 
713 
553 


Total  in 
acre-feet. 


30,470 
102,200 
23,980 
10,290 
14,390 
42,430 
34,000 

257,800 
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NACHES   RIVER   NEAR   NORTH   YAKIMA,  WASH. 

Naches  River  has  its  source  in  the  Cascade  Mountains,  Yakima 
County,  Wash.,  and  flows  southeasterly,  entering  Yakima  River  a 
short  distance  above  North  Yakima.  Its  principal  tributaries  are 
Tieton  River,  Cowiche,  Rattlesnake,  and  Nile  creeks,  and  Bumping 
River.  The  flow  of  the  latter  has  already  been  increased  by  Ameri- 
can River  when  it  joins  the  Naches. 

Naches  River  is  important  because  of  its  rapid  fall  and  the  ease 
with  which  it  can  be  used  for  irrigation  purposes.  Naches  Valley, 
through  which  it  flows,  is  already  extensively  irrigated  from  it.  It 
is  also  the  source  of  domestic  water  supply  for  the  town  of  North 
Yakima  and  of  water  supply  and  power  for  the  Northwestern  Light 
and  Water  Company. 

Two  gaging  stations  are  at  present  maintained  upon  Naches  River, 
one  near  its  junction  with  the  Yakima  and  one  just  above  the  mouth 
of  the  Tieton. 

The  original  station  on  Naches  River  was  established  August  14, 
1893,  by  Mr.  F.  H.  Newell,  at  a  point  a  few  hundred  yards  above  the 
mouth  of  the  river,  near  the  bridge  of  the  Northern  Pacific  Railroad. 

The  first  gage,  known  as  No.  1,  was  vertical  and  was  nailed  to  the 
cribwork  on  the  right-hand  side  of  the  river,  above  the  railroad 
bridge.  The  12-foot  mark  was  9.97  feet  below  the  top  of  the  rail  on 
the  bridge,  the  gage  being  about  60  feet  easterly  from  the  rail.  The 
top  of  the  iron  pier,  on  the  southeast  end  of  the  county  bridge,  was 
5.87  feet  above  this  12-foot  mark.  Measurements  were  made  from 
the  coimty  bridge.  The  locaUty  was,  however,  not  favorable  for  the 
purpose,  as  the  water  was  very  swift  and  was  broken  by  the  piers  of 
the  bridge.  Owing  to  the  difficulty  of  securing  accurate  measure- 
ments the  readings  were  discontinued  on  September  20,  1894,  and 
not  resumed  until  August  19,  1895. 

When  the  station  was  visited  in  July,  1896,  it  was  found  that  the 
channel  under  the  bridge,  from  which  previous  gagings  had  been 
made,  had  been  greatly  changed  by  the  deposition  of  several  carloads 
of  rock  and  by  the  building  of  a  short  wing  dam  placed  just  above 
the  gage  rod.  On  July  28  gage  No.  1  was  removed  and  gage  No.  2 
fastened  to  the  bulwark  just  above  the  highway  bridge,  and  about  100 
yards  above  its  old  position.  The  gage  height  in  its  old  position 
when  removed  was  3.8,  in  its  new  position  when  placed  2.4.  When 
the  station  was  visited  October  21  it  was  found  that  the  water  had 
fallen  below  the  end  of  gage  No.  2,  and  it  was  therefore  removed  and 
fastened  again  to  the  bulwark  just  below  the  highway  bridge,  and 
lowered  in  elevation  1  foot.  Before  changing,  the  gage  height  was 
—0.24  foot;  after  the  change  it  was  0.76  foot.  The  gage-height 
records  for  1896  are  referred  to  this  gage,  known  as  gage  No.  3. 
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The  flood  of  November,  1896,  modified  the  channel  very  greatly, 
depositing  a  large  mass  of  coarse  gravel  and  small  bowlders  along  the 
right  side  of  the  channel  at  the  section,  so  that  the  rod  was  about  50 
feet  from  the  edge  of  the  water  at  low  stages.  The  current  is  swift, 
even  at  low  water.  On  account  of  the  instability  of  the  channel  the 
station  was  abandoned  in  February,  1897,  although  a  number  of 
discharge  measurements  were  made  during  the  season. 

May  19,  1897,  a  station  was  established  on  Yakima  River  5  miles 
above  the  mouth  of  the  Naches,  at  the  Northern  Pacific  Railway 
bridge  near  Selah,  Wash.,  with  the  idea  that  the  difference  in  dis- 
charge between  this  station  and  the  one  at  Union  Gap  would  give 
approximately  the  discharge  of  Nacl^  River.  Two  ditches,  located 
in  the  Moxee  Valley,  took  water  out  of  the  river  between  these  two 
points,  but  their  combined  flow  was  about  counterbalanced  by  that 
received  from  Atanum  Creek  and  the  Wide  Hollow  wastage  at  Old 
Town. 

The  station  on  Naches  River  was  reestablished  February  1,  1898, 
and  the  station  at  Selah,  on  Yakima  River,  was  discontinued.  Since 
the  reestablishment  of  the  Naches  station  the  river  channel  has  been 
in  a  condition  more  favorable  for  meter  observations  than  formerly. 
Discharge  measurements  were  made  from  the  lower  side  of  the  high- 
way bridge.  A  new  horizontal  gage  rod,  No.  4,  with  wire  and  weight, 
was  attached  to  the  main  span  of  the  Northern  Pacific  Railway  bridge 
at  the  mouth  of  the  Naches,  a  few  hunderd  feet  downstream  from  the 
highway  bridge.  The  length  of  the  gage  wire  from  index  to  foot  of 
weight  was  30.41  feet.  The  elevation  of  top  of  pulley  was  24.57 
feet.  The  bench  mark  was  the  top  of  the  north  end  of  east  sill  of 
clearance  posts,  about  150  feet  north  of  Northern  Pacific  Railway 
bridge.  Elevation,  23.77  feet  above  zero  of  gage.  On  December 
27,  1898,  the  top  of  the  northeast  concrete  pier  of  the  highway  bridge 
was  found  to  be  at  an  elevation  of  22.09  feet  above  zero. 

On  June  20,  1899,  the  gage  rod  and  bench  mark  having  been  dis- 
turbed during  alterations  to  the  railroad  bridge  and  approaches,  a 
new  4  by  4  inch  inclined  gage  rod.  No.  5,  was  established  on  the  left 
bank  of  the  river,  30  feet  downstream  from  the  railroad  bridge. 
This  is  the  gage  in  present  use.  The  lower  section  of  the  rod  is  inclined 
at  an  angle  of  36°  30'  with  the  horizontal.  The  upper  section  is 
inclined  at  an  angle  of  80°  with  the  horizontal. 

On  September  21,  1903,  the  station  was  changed  to  a  location 
between  the  railroad  and  highway  bridge  and  equipped  with  a  cable, 
car,  tagged  wire,  and  stay  wire.  The  cable  is  located  180  feet  above 
the  Northern  Pacific  Railway  bridge,  and  170  feet  below  the  highway 
bridge,  at  which  discharge  measurements  were  formerly  made.  The 
stay  wire  is  85  feet  above  the  cable.  The  cable  has  a  total  span  of 
280  feet.     The  initial  point  for  soundings  is  the  south  face  of  the 
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Cottonwood  tree  to  which  the  cable  is  fastened  on  the  north  bank. 
The  channel  is  straight  for  100  feet  above  and  for  75  feet  below  the 
cable.  The  current  is  swift.  Both  banks  are  low  and  covered  with 
gravel.  At  flood  stages  the  rock-filled  crib  will  prevent  overflow 
on  both  banks.  The  bed  of  the  stream  is  composed  of  gravel,  free 
from  vegetation,  and  somewhat  shifting.  Although  the  present  loca- 
tion does  not  have  many  of  the  characteristics  of  an  ideal  gaging 
station  it  has  more  of  them  than  any  location  below  the  Tieton. 

Naches  River  below  the  Tieton,  almost  to  the  point  where  it  enters 
the  Yakima,  flows  over  flat  bars  of  river  gravel  in  numerous,  crooked, 
and  constantly  changing  chaimels.  These  gravel  bars  are  in  some 
instances  one-half  mile  in  width- 

The  datum  of  gage  board  No.  5,  now  in  use,  has  been  referred  to 
the  following  bench  marks:  Bench  mark  No.  1  is  a  United  States 
Geological  Survey  copper  plug  marked  "1090  T"  and  its  elevation 
is  1,089.959  feet  above  sea  level  and  19.74  above  the  zero  of  the 
gage.  It  is  located  in  the  center  of  the  west  end  of  the  most  south- 
erly stone  pier  of  the  railroad  bridge.  The  elevation  of  the  zero  of 
the  gage  is  1,070.22  feet  above  sea  level.  Bench  mark  No.  2  is  a 
cross  in  the  top  of  the  center  of  the  downstream  end  of  the  railroad 
bridge  pier  on  the  right  bank.  Its  elevation  above  the  zero  of  the 
gage  is  19.94  feet  and  above  sea  level  is  1,090  feet.  Bench  mark  No. 
3  is  a  railroad  spike  driven  into  the  south  side  of  the  telegraph  pole 
23  feet  north  of  the  gage  and  21  feet  east  of  the  railroad  track.  Its 
elevation  is  17.81  feet  above  the  zero  of  the  gage.  The  observer  is 
Patrick  Gallagher,  section  foreman  for  the  Northern  Pacific  Railway, 
who  lives  in  North  Yakima. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 
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Date. 


Hydrographer. 


April  26 O.  P.Hartey, 

April  29 do. 

May  6 do 

June  18 do 

June  28 do 

July  13 do 

July  19.... do 

July  30 do 

August  9. do 

August  17 do 

September  1 j  J.  C.  Dry 

September  13. . .   G.  F.  Harley. 


¥ldth. 

Area  of 
section. 

Mean 
velocity. 

Gaffe 
height. 

Difl- 
charge. 

Feet. 

Sq./eet, 

Ft.  per  see. 

Feet. 

Sec.-Jeet. 

182 

757 

6.29 

8.30 

4,764 

228 

1,031 

7.46 

9.45 

7,696 

180 

670 

5.13 

7.50 

3,420 

206 

835 

6.16 

8.47 

5,140 

177 

665 

4.81 

7.35 

3,201 

171 

526 

4.10 

6.61 

2,159 

128 

390 

3.05 

5.71 

1,190 

125 

322 

2.52 

5.13 

810 

123 

268 

2.19 

4.73 

588 

120 

222 

1.69 

4.29 

375 

118  ! 

178 

1.26 

3.95 

225 

117 

165 

1.24 

3.80 

205 

Mean  daUy  gage  heig^,  in  feet ,  ofNad^ee  River  near  North  Yakima,  Wash.,  for  190J^, 


Day. 


1.. 
2.. 
3... 
4... 
5.. 

7.. 

8.. 

».. 

10.. 

11.. 

12.. 

13.. 

14.. 

15.. 

16.. 

17.. 

18.. 

19.. 

20.. 

21.. 

22.. 

23.. 

24... 

25.. 

26.- 

27.. 

28.. 

29.. 

ao.. 

31.. 


Jan. 


6.10 

6.10 

6.10 

6.10 

0.10 

6.00 

6.00 

6.00 

6.00 

6.00 

6.00 

6.00 

6.00 

6.70 

6.90 

6.80 

6.70 

6.00 

6.50 

6.50 

6.40 

6.40 

6.40 

6.25 

6.10  ^ 

6.00  I 

6.00 

6.00 

6.00 

6.00 

5.05 


5.00 
5.90  j 
5.90  I 
5.90  i 
5.80  ' 
5.80 
5.80 
5.80  I 

I 

5.80  i 

5.80 

5.80 

5.80 

5.80 

5.75 

570 

5.70 

5.70 

5.70 

5,70 

5.70 

5.70 

5.70 

5.80 

5.80 

5.80 

5.80 

5.80 

5.75 

5.70 


5.70 
5.60 
5.60 
5.60 
5.60 
5.70 
5.80 
6.20 
6.20 
6.60 
6.5a 
6.40 
6.35 

6.ao 

6.30 
6.20 
6.20 
6.20 
6.20 
6.15 
6.10 
6.10 
6.00 
6.00 
6.00 
6.00 
5.05 
5.90 
5.90 
5.90 
6.00 


6.10 
6.20 
6.50 
6.80 
6.80 
7.60 
7.30 
7.30 
7.40 
8.20 
8.90 
9.50 
10.00 
10.30 
10.30 
9.70 
9.40 
9.00 
9.30 
9.50 
9.50 
9.10 
8.70 
8.50 
8.20 
8.30 
8.90 
9.30 
9.70 
9.30 


8.80 
8.40 
8.20 
8.20 
7.90 
7.70 
7  40 
7.40 
7.40 
7.40 
7.40 
7.60 
7.80 
8.20 
8.30 
8.40 
8.30 
&40 
8.50 
8.60 
8.90 
9.30 
9.70 
9.50 
9.00 
8.60 
8.50 
8.50 
8.55 
8.60 
8.50 


8.30 
8.20 
8.20 
8.30 
8.50 
8.70 
8.60 
8.20 
7.80 
7.80 
7.60 
7.40 
7.30 
7.50 
7.90 
8.10 
8.20 
8.50 
8.30 
8.10 
8.00 
7.90 
7.60 


July.     Aug. 


7.20 

7.00 

.  7.00 

7.10 

7.30 

7.50 

7.70 

7.80 
7.80 
7.80 
7.80 
7.90 
7.70 
7.60 
7.50 
7.20 
7.10 
7.00 
6.90 
6.60 
6.20 
6.10 
6.00 
5.95 
5.90 
5.80 
5.70 
6.70 
5.70 
5.70 
5.65 
5.60 
5.60 
5.60 
5.40 
6.20 
5.10 
5.10 


6.10 
6.00 
5.00 
4.90 
4.90 
4.80 
4.80 
4.80 
4.70 
4.60 
4.50 
4.50 
4.40 
4.40 
4.40 
4.40 
4.40 
4.30 
4.30 
4.20 
4.15 
4.10 
4.10 
4.10 
3.90 
3.90 
3.80 
3.90 
4.00 
4  10 
4.00 


Sept. 

Oct. 

Nov. 
4.00 

4.00 

4.06 

3.90 

3.95 

3.90 

3.80 

3.90 

3.90 

3.75 

3.00 

3.90 

3.70 

3.90 

3.90 

3.70 

3.80 

4.00 

3.60 

3.80 

4.10 

3.60 

3.80 

4.20 

3.60 

3.85 

4.20 

3.60 

3.90 

4.10 

3.66 

4.00 

4.10 

3  70 

4.70 

4.10 

3.70 

4.40 

4.10 

3.70 

4.40 

4.20 

3.70 

4.40 

4.20 

3.60 

4.30 

4.30 

3.60 

4.20 

4.30 

3.60 

4.10 

4.30 

3.60 

4.10 

4.30 

3.60 

4.10 

5.45 

3.60 

4.00 

6.60 

3.70 

4.00 

6.70 

3.70 

4.00 

6.60 

3.80 

4.00 

6.20 

3.80 

4.00 

6.10 

3.80 

4.00 

6.10 

3.80 

4.00 

6.25 

3.90 

4.00 

6.40 

3.90 

4.00 

6.30 

4.00 

4.00 
4.00 

0.10 

Dec. 

6.00 
5.80 
5.60 
5.45 
5.30 
5.20 
5.10 
5.00 
5.00 
5.00 
4.95 
4.90 
4.90 
4.90 
5.10 
5.20 
5.20 
5.20 
5.20 
5.20 
5.20 
5.10 
5.10 
5.10 
5.00 
4.90 
4.90 
4.90 
4.90 
5.00 
5.20 


NoTB.— 0«^  hflii^ta  for  Sundays  interpolated. 
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Rating  table  for  N aches  River  near  North  Yakima,  Wash.,  from  January  1  to  December  31, 


Gage 
heignt. 


Feet. 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 
4.90 


Discharge. 


Sewndrjeei. 
163 
182 
205 
232 
263 
298 
335 
374 
415 
458 
507 
559 
613 
669 


Gage 
heignt. 


Feet. 
5.00 

5.10 

5.20 

5.30 

5.40 

5.50 

5.60 

5.70 

5.80 

5.90 

6.00 

6.10 

6.20 

6.30 


1 

Discharge.  | 

'     Gaee 
heignt. 

Secondr-feet.  \ 

Feel. 

725  ' 

6.40 

781 

6.50 

83) 

6.60 

898 

6.70 

961 

6.80 

1,028 

6.90 

1,099 

7.00 

1,174 

7.10 

1,253 

7.20 

1,339 

7.30 

1,433 

7.40 

1,535 

7.50 

1,645 

.7.60 

1,762 

7.70 

Discharge. 

Second^feet. 
1,882 
2,004 
2,128 
2,255 
2,384 
2,515 
2,648 
2,785 
2,926 
3,071 
3,220 
3,373 
3,530 
3,691 


Gage 
teignt. 


heig] 


Feet. 
7.80 

7.90 

8.00 

8.20 

8.40 

8.60 

8.80 

9.00 

9.20 

9.40 

9.60 

9.80 

10.00 

10.20 


Discharge. 


Second-feel. 
3,856 

4,025 
4,199 
4,585 
5,040 
5,539 
6,051 
6,563 
7,075 
7,587 

8,611 
9,123 
9,635 


The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  12  dis- 
charge measurements  made  during  1904.  It  is  well  defined  between  gage  heights  3.80  feet 
and  9.45  feet.  The  table  has  been  extended  beyond  these  limits.  Above  gage  height  8.60 
feet  the  rating  curve  is  a  tangent,  the  difference  being  256  per  tenth. 

Estimated  monthly  discharge  of  Naches  River  near  North  Yakimaf  Wath.^cr  1904^ 

[Drainage  area,  1,000  square  miles.] 


Month. 


January . . . 
February.. 

March 

April 

May 

June 

July 

August 

September. 
October. . . 
November. 
December . 


Dischaige  in  second-feet. 


Maximum. 


Minimum. 


The  year. 


2,530 

1,350 

2,140 

9,890 

8,360 

5,800 

4,030 

780 

260 

560 

2,260 

1,440 

9,890 


1,400 

1,180 

1,110 

1,550 

3,230 

2,660 

780 

210 

160 

200 

230 

670  I 


Mean. 


1,691 

1,245 

1,511 

5,706 

5,016 

4,074 

2,076 

436 

189 

284 

832 

816 


Total  in 
acre-feet. 


Run-off. 


Second-feet '    Depth 
persauare  '       in 
mile.       ,   inctaea. 


104,000 

71,  610 

92,910 

339,500 

308,400 

242,400 

127,600 

26,810 

11,200 

17,460 

49,  510 

50,170 


1.69 
1.24 
1.51 
5.71 
•  5.02 
4.07 
2.08 
.436 
.189 
.284 
.832 
.816 


160 


1,989  ,1,442,000 


1.96 
1.34 
1.74 
6.37 
5.79 
4.54 
2.40 
5.03 
.211 
.327 
.928 
.941 


1.99         27.04 


BOMS.  WHieTLER 

jlsd  noble. 
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TIETON   RIVER   NEAR   NORTH   YAKIMA,  WASH. 

The  gaging  station  on  this  stream  was  established  April  14,  1902, 
at  a  point  immediately  below  the  mouth  of  Oak  Creek,  in  sec.  3,  T.  14 
N.,  R.  16  E.  of  the  WiUamette  meridian,  and  about  22  miles  from 
North  Yakima  by  road.  The  gage  rod  is  inclined  at  an  angle  of  55^ 
with  the  horizontal,. and  is  on  the  left  bank  of  the  stream.  It  consists 
of  a  1  by  5  inch  cedar  plank,  supported  and  braced  by  stout  logs. 
The  equipment  with  which  measurements  are  made  consists  of  a 
f-inch  cable,  car,  tag  wire,  and  stay  wire.  The  initial  point  for 
soundings  is  a  cross  chiseled  in  a  ledge,  with  a  black  ring  painted 
around  it.  It  is  under  the  cable,  4  feet  east  of  the  west  shear  legs. 
The  observer  is  Omer  Tetherow,  a  farmer.  There  are  no  side  chan- 
nels and  the  banks  are  not  subject  to  overflow.  The  bed  of  the  stream 
is  rocky,  with  shifting  gravel  bars,  wnich  make  it  difficult  to  find  suit- 
able cross  sections  for  meter  measurements.  The  point  selected  for 
the  station  is,  however,  a  fairly  good  one,  and  the  channel  is  straight 
both  above  and  below  the  station  for  several  bundred  yards.  At 
low  water  the  underground  flow  at  this  station  is  estimated  to 
be  as  much  as  50  per  cent  of  the  measured  flow.  Bench  mark 
No.  1  is  a  point  of  rock  on  a  ledge  12  feet  from  the  gage.  Its  eleva- 
tion above  gage  datum  is  15.67.  Bench  mark  No.  2  is  a  nail  in  a 
Cottonwood  stump  40  feet  south  of  the  gage.  Its  elevation  above 
gage  datum  is  15.93.  Bench  mark  No.  3  is  top  of  a  bowlder  20  ' 
feet  northwest  of  the  cable  shear  legs.  Its  elevation  above  gage 
datum  is  17.52.     The  gage  datum  is  1,683.365  above  sea  level. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Distharge  measuremenU  of  TieUm  River  near  North  Yakimaf  Waah.t  in  1904- 


Data. 


April  28. 
May  18. 
June  26. 
July?.. 

July  15. 
July  28. 


Hydrographer. 


G.  F.  Harley. 

do 

do 

do 

do 

do 


August  12 do. 

September  7 J.  C.  Dry. 


*  •'• 


Width. 


4  ». 


Weet, 
118 

116 

114 

116 

109 

108 

107 

106 


Area  of 
section. 


8q.feei. 
365 

288 

251 

280 

208 

185 

157 

136 


Mean 
velocity,      helg] 


Ft.  per  tec. 
7.00 


5.38 
4.26 
5.21 
3.77 
3.41 
2.83 
2.85 


Gage 
elKot. 


Feet. 
10  65 

9.65 

8.90 

9.55 

8.35 

8.12 

7.65 

7.40 


Dis- 
charge. 


Sec-feet. 
2,569 

1,550 

1,065 

1,460 

785 

630 

445 

397 
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Mean  daily  gage  height,  in  feet,  ofTielon  River  near  Nor(h  Takimaf  Wath.,Jar  1904, 


Day. 

Jan. 

Feb. 

Mar. 

1 

7.15 
7.20 
7.20 
7.15 
7.10 
7.10 
7.10 
7.10 
7.15 
7.15 
7.10 
7.25 
7.70 
7.80 
7,80 
7.75 
7.65 
7.60 
7.60 
7.35 
7.45 
7.40 
7.40 
7.35 
7.20 
7.25 
7.15 
7.10 
7.20 
7.20 
7.10 

7.10 
7.10 
7.00 
7.15 
7.05 
7.10 
7.10 
7.05 
6.85 
7.00 
7.10 
7.00 
7.00 
7.00 
7.00 
7.00 
6.95 
6.95 
6.95 
7.00 
7.00 
7.20 
7.15 
7.05 
6.96 
7.00 
7.00 
7.00 
6.95 

6.95 
6.95 
6.95 
6.95 
6.95 
7.00 
7.36 
7.60 
7.65 
7.60 
7.60 
7.45 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

7.40 

14 

7.40 

15 

7.35 
7.15 
7.30 
7.25 
7.25 
7.25 
7.25 
7.20 
7.20 
7.10 
7.05 
7.05 
7.10 
7.10 
7.10 
7.15 
7.16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

'    27 

28 

29 

30 

31 

Apr. 

May. 

7.20 

9.65 

7.40 

9.50 

7.70 

9.40 

7.80 

9.35 

7.90 

9.25 

8.20 

9.05 

8.05 

8.20 

8.40 

8.90 

9.60 

10.15 

10.50 

11.10 

10.95 

10.60 

10.10 

10.10 

10.26 

10.55 

10.40 

10.10 

9.70 

9.45 

9.40 

9.65 

10.65 

10.80 

10.05 

9.55 


9.00 

8.95 

8.85 

8.90 

9.05 

9.16 

9.30 

9.60 

9.55 

9.50 

9.66 

9.70 

9.80 

9.90 

10.30 

10.80 

10.90 

10.65 

10.10 

9.90 

9.85 

10.00 

10.05 

10.05 

9.86 


June. 

July. 

Aug. 

Sept. 

Oct. 

9.70 

9.75 

8.00 

7.26 

7.25 

9.70 

9.65 

8.05 

7.25 

7.20 

9.85 

9.60 

7.96 

7.30 

7.10 

9.90 

9.80 

7.90 

7.30 

7.00 

10.00 

9.75 

7.95 

7.30 

7.00 

10.15 

9.66 

8.00 

7.35 

6.95 

9.70 

9.60 

8.06 

7.36 

6.95 

9.45 

9.25 

7.96 

7.35 

6.90 

9.35 

9.10 

7.86 

7.46 

6.90 

9.35 

9.00 

7.75 

7.35 

6.85 

9.10 

9.15 

7.70 

7.25 

7.80 

8.95 

9.00 

7.60 

7.20 

7.45 

9.06 

8.70 

7.60 

7.20 

7.15 

9.30 

8.60 

7.70 

7.10 

7.00 

9.65 

8.35 

7.75 

7.10 

6.95 

9.80 

8.30 

7.70 

7.10 

6.90 

9.90 

8.20 

7.60 

7.20 

6.85 

10.35 

8.10 

7.60 

7.10 

6.86 

9.66 

8.00 

7.60 

7.06 

6.85 

9.50 

8.15 

7.60 

7.05 

6.80 

9.60 

8.25 

7.45 

7.00 

6.85 

9.60 

8.55 

7.40 

7.15 

6.86 

9.20 

8.45 

7.40 

7.16 

6.80 

8.90 

8.05 

7.35 

7.06 

6.76 

8.80 

8.20 

7.30 

7.06 

6.76 

8.86 

8.20 

7.36 

7.06 

6.75 

9.10 

8.25 

7.45 

7.05 

6.75 

9.30 

8.15 

7.50 

7.10 

6.75 

9.40 

7.95 

7.55 

7.30 

6.70 

9.65 

7.90 

7.40 

7.26 

6.70 

7.95 

7.36 

6.70 

Nov.     Dec. 


6.70 
0.70 
6.70 
6.65 
6.70 
6.66 
6.75 
6.85 
6.76 
6.70 
6.65 
6.70 
6.65 
6.60 
6.75 
6.85 
7.00 
6.90 
6.80 
S.05 
9.15 
8.75 
8.30 
8.00 
8.00 
8.30 
8.20 
8.25 
8.00 
7.80 


7.70 
7.55 
7.35 
7.25 
7.25 
7.20 
7.15 
7.15 
7.10 
7.10 
7.05 
7.00 
7.05 
7.10 
7.75 
7.35 
7.45 
7.45 
7.45 
7.55 
7.45 
7.40 
7.30 
7.30 
7.15 
7.00 
7.00 
7.10 
7.20 
7.90 
7.55 


Rating  table  for  Tietan  River  near  North  Yakima,  Wash,,  from  January  1  to  December  31 1 

1904, 


Gage 
height. 

1 
Discharge. 

Gage 
height. 

Discharge. 

hei^t. 

Discharge. 

1 

Gage 
height. 

Dlschaige. 

Feet. 

Second-feet. 

Feet. 

SeconA-feet. 

Feet. 

Second-feet, 

Feet. 

Seetmi-feel. 

6.50 

210  ' 

7.80 

500 

9.10 

1,180 

10.40 

2,250 

6.60 

220 

7.90 

540 

9.20 

1,240 

10.50 

2.370 

6.70 

233 

8.00 

580 

9.30 

1,300 

10.60 

2,490 

6.80 

249 

8.10 

625 

9.40 

1,370 

10.70 

2,620 

6.90 

267 

8.20 

670 

9.50 

1,440 

10.80 

2,750 

7.00 

287 

8.30 

720 

9.60 

1,610 

10.90 

2,880 

7.10 

308 

8.40 

775 

9.70 

1,590 

11.00 

3,010 

7.20 

330 

8.50 

830 

9.80 

1,670 

11.20 

3,270 

7.30 

353 

8.60 

885 

9.90 

1,750 

11.40 

3,530 

7.40 

376 

8.70 

1 

940 

10.00 

1,840 

11.60 

3,790 

7.50 

400 

.      8.80 

1,000 

10.10 

1,930 

11.80 

4.050 

7.60 

430 

8.90 

1,060  ! 

10.20 

2,030 

12.00 

4,310 

7.70 

465 

9.00 

1,120 

10.30 

2,140 
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The  preceding  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  8 
discharge  measurements  made  during  1904.  It  is  well  defined  between  gage  heights 
7.00  feet  and  9.70  feet.  The  table  has  been  extended  beyond  these  lunits.  Above  gage 
height  10.60  feet  the  rating  curve  is  a  tangent,  the  difference  being  130  per  tenth. 

EsHmaied  nunMy  distharge  ofTieUm  River  near  North  Yakima,  W ask. ,  for  1904. 

[Drainage  area,  280  square  miles.] 


Month. 


January..' 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum.     Minimum. 


I 


500 

330 

447 

3,140 

2,880 

2,195 

1,670 

602 

388 

500 

1,210 

540 


3,140 


306 
258 
277 
330 
1,030 
1,000 
540 
353 
287 
233 
220 
287 


220 


Mean. 


360 

293 

337 

1,582 

1,614 

1,456 

961 

458 

329 

278 

413 

357 


703 


Total  in 
acre-feet. 


22,140 
16,850 
20,720 
94,140 
99,240 
86,640 
59,090 
28,160 
19,580 
17,090 
24,580 
21,950 


510,200 


Run-off. 


Seoond-feet 

per  square 

mile. 


1.25 
1.01 

1.17 
5.47 
5.58 
5.04 
3.33 
1.58 
1.14 
.962 
1.43 
1.24 


2.43 


Depth  in 
inches. 


1.44 
1.09 
1.35 
6.10 
6.43 
5.62 
3.84 
1.82 
1.27 
1.11 
1.60 
1.43 


33.10 


ATANUM    GREEK   NEAR   YAKIMA,  WASH. 

This  station  was  established  May  11,  1904,  by  G.  H.  Bliss,  for  the 
purpose  of  studying  the  flow  of  the  creek  during  the  irrigating  season. 
It  is  located  at  the  Northern  Pacific  Railway  Company's  bridge,  about 
1  mile  southeast  of  Yakima,  Wash.,  50  feet  to  the  left  of  the  road 
leading  to  the  Yakima  Indian  Reservation.  The  station  is  three- 
fourths  mile  north  of  the  gaging  station  on  Yakima  River  at  Union 
Gap.  A  plain  staff  gage,  graduated  to  feet  and  tenths,  is  driven 
vertically  into  the  bed  of  the  creek  and  braced  to  the  banks.  It 
is  read  once  each  day  by  Hugh  Kennedy.  Discharge  measure- 
ments are  made  from  the  downstream  side  of  the  railway  bridge.  The 
initial  point  for  soundings  is  the  face  of  the  concrete  abutment  at  the 
right  bank.  It  is  marked  zero,  and  5-foot  intervals  are  marked  across 
the  bridge.  The  channel  is  straight  for  50  feet  above  and  below 
the  station.  The  current  is  swift  at  high,  and  sluggish  at  low  stages. 
The  right  bank  is  of  medium  height,  clean,  and  not  liable  to  overflow 
except  at  extremely  high  stages.  The  left  bank  is  low,  clean,  and 
liable  to  overflow.  The  bed  of  the  stream  is  composed  of  mud,  free 
from  vegetation,  and  not  liable  to  change.     There  is  but  one  channel 
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at  all  stages,  broken  by  one  pier.  The  bench  mark  is  a  point  on  the 
upstream  edge  of  the  top  of  the  center  pier  of  the  railway  bridge.  Its 
elevation  is  11.85  feet  above  the  zero  of  the  gage.  The  station  was 
discontinued  November  30,  1904.- 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Discharge  measurements  ofAtanum  Creek  near  YaJeima,  Wash.,  in  190^. 


Date. 


Hydrographer. 


May  26 

July  1 

July  18 

August  11 do 

August  19 do 


G.H.  Bliss 
J.  C.  Dry. . 
....do.... 


Area  of 
section. 

Mean 
velocity. 

Gase 
hei^t. 

Sq./eet. 

Ft.  per  tee. 

Feet. 

127 

4.45 

6.63 

47 

3.08 

4.90 

38 

2.22 

4.40 

18.2 

.80 

3.40 

14.9 

.73 

3.38 

Dto- 
charge. 


Sec-feet. 
565 

145 
84 
14.5 
10.9 


Mean  daUy  gage  heigJUj  infeet,  ofAtanum  Creek  near  Yakimat  Wash.,  in  1904- 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
.36. 
27. 
28. 
29. 
30. 
31. 


May. 


5.3 
5.4 
5.5 
5.5 
5.6 
5.8 
5.8 
5.7 
6.7 
5.8 
5.9 
6.0 
6.5 
6.5 
6.5 
6.5 
6.3 
6.1 
6.2 
6.2 
6.3 


June. 

July. 

6.3 

4.9 

6.3 

4.9 

6.1 

4.9 

6.0 

4.9 

6.1 

5.0 

6.0 

5.0 

6.0 

5.0 

6.0 

4.9 

6.0 

49 

5.9 

4.9 

5.9 

4.7 

5.9 

4.5 

5.6 

4.5 

5.6 

4.4 

Aug. 


Oct. 


5.5 
5.7 
5.6 
5.9 
5.8 
59 
5.9 
5.9 
5.9 
5.9 
5.8 
5.4 
5.2 
5.2 
5.2 
5.2 


4.3 
4.3 
4.3 
4.3 
4.3 
4.2 
4.2 
4.0 
3.9 
3.9 
3.9 
3.9 
3.9 
3.9 
3.9 
8.7 
3.7 


3.7 

3.6 

3.6 

3.6 

3.6 

3.6 

3.6 

3.6 

3.6 

3.6 

3.5 

3.5 

3.5 

3  5 

3.5 

3.5 

3.5 

3.5 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.4 

3.3 

8.3 


3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 


3.0  , 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.2 

3.2 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.2 

3.2 

3.2 

3.1 

3.3 

3.3 

3.3 

3.3 

3.2 

3.2 

3.2 

3.2 


Nov. 

3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.4 
3.4 
3.6 
3.8 
3.8 
3.8 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 


NoTK.— Observations  were  made  during  irrigating  season  only. 
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Rating  tahU  for  Aianum  Creek  near  Yakimaf  Wash.y  from  May  11  to  November  90 y  190J^ 


Gaffe 
height. 


Feet. 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 


1 

Diachaige. 

Gage 
height. 

Feet, 

Discharge. 

Oage 
height. 

Dlflchaige. 

1     Oage 
height. 

Feet. 

Diacbarge. 

Seamd'feet. 

Second-feet. ' 

Feet. 

Seeond-feei. 

Seeond-feet. 

0 

4.10 

58 

5.10 

176 

;     6.10 

425 

2 

4.20 

66 

5.20 

196 

6.20 

451 

6 

4.30 

74 

5.30 

218 

6.30 

477 

10 

4.40 

83 

5.40 

243 

6.40 

503 

14 

4.50 

93 

5.50 

269 

6.50 

529 

18 

4.60 

104 

5.60 

295 

6.60 

555 

23    : 

4.70 

116 

5.70 

•       321 

6.70 

581 

29    j 

4.80 

128 

5.80 

347 

6.80 

607 

35 

4.90 

142 

5.90 

373 

6.90 

633 

42 

5.00 

158 

6.00 

399 

;    7.00 

650 

50 

1 
1 

The  above  table  is  applicable  only  for  open-channel  oonititions.  It  is  based  iqx>n  5  ^S^ 
rfaaige  measuremuitB  taken  during  1904.  It  is  well  defined  between  gage  heights  3.40  feet 
and  6.60  feet.    The  table  hm  been  extended  beyond  these  limits.    Above  g^gb  height  5.40 

feet  the  rating  curve  is  a  tangent,  the  difference  being  26  per  tenth. 

EtHmaied  monthly  discharye  ofAtanum  Creek  near  Yakima,  Wash.,  for  190J^ 


Month. 


May  11-31 


June 


July 

August 

September 
October  .. 
November 


The  period. 


Discharge  in  second-feet. 

Total  in 

Mazinium. 

Ifflnimnm. 

Mean. 

acre-fleet. 

530 

220 

389 

16,200 

480 

200 

346 

20,580 

160 

30 

87.8 

5,399 

30 

10 

19.4 

1,193 

10 

0 

2.7 

161 

10 

0 

3.6 

214 

35 

6 

14.9 

887 

44,630 

CANALS   IN   THE   YAKIMA   BITER   VALLEY,  WASHINGTON. 

Nowhere  in  the  State  of  Washington  has  irrigation  been  practiced 
longer  or  have  matters  pertaining  to  irrigation  reached  a  higher  state 
of  development  than  in  the  Yakima  Valley.  The  rapid  fall  of  the 
rivers,  the  great  fertility  of  the  soil,  and  the  climatic  conditions  have 
all  served  to  bring  this  about. 

The  chief  sources  of  water  supply  for  canals  used  for  irrigation  are 
the  Yakima  and  Naches  rivers,  the  latter  of  which,  when  it  joins  the 
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Yakima^  has  already  received  the  water  of  the  Tieton.  Besides  these 
rivers  the  Wenas,  Cowiche,  Atanuni;  Toppenish,  and  Satus  creeks, 
and  some  small  creeks  in  the  vicinity  of  Ellensburg,  irrigate  large 
areas  of  land  lying  in  the  valleys  through  which  they  flow.  From  these 
sources  there  are  about  125,000  acres  of  land  at  present  under  irriga- 
tion, and  with  the  available  storage  reservoirs  at  the  head  of  the 
Yakima,  Naches,  and  Tieton  rivers,  and  with  economy  in  the  use  of 
the  water,  it  is  probable  that  300,000  additional  acres  of  land  could  be 
irrigated. 

There  are  at  the  present  time  about  50  irrigating  canals  in  operation 
in  the  Yakima  Valley,  which  obtain  their  water  from  the  sources 
above  mentioned,  and  in%ate  the  low  land  lying  near  the  streams. 
This  land  is  of  volcanic  origin,  and  very  fertile.  When  water  is 
applied,  large  and  very  profitable  crops  of  fruit,  hay,  hops,  and  grain 
are  raised. 

There  remains  at  the  present  time  a  large  area  of  the  best  qualit}'  of 
land  in  the  Yakima  Valley  unirrigated,  but  the  available  water  supply, 
especially  at  the  low  stages  of  the  streams,  is  practically  exhausteil, 
m>  that  the  irrigation  of  additional  land  is  dependent  upon  «t»red 
MgieTf  to  be  used  during  about  two  and  one-half  months  of  the  irriga- 
ting season. 

There  are  five  reservoir  sites  available  for  the  storage  of  water  in 
the  Yakima  region.  These  are  Lake  Clealum,  Lake  Kachess,  and 
Lake  Keechelus,  at  the  head  of  Yakima  River,  Bumping  Lake,  at  the 
head  of  Naches  River,  and  McAlisters  Meadows,  on  Tieton  River. 

The  canals  at  present  in  operation  in  the  Yakima  Valley  are  mostly 
in  the  hands  of  stock  companies,  which,  with  but  few  exceptions,  fur- 
nish the  farmers  under  the  canal  water  enough  to  supply  all  demands. 
Most  farmers  have  taken  from  the  ditches  what  water  seemed  most 
convenient  for  their  use,  which  in  many  instances  has  been  far  in 
excess  of  the  amount  actually  needed  to  irrigate  their  land  economic- 
ally and  profitably.  The  results  of  this  excessive  use  of  water  are 
only  too  apparent  to  those  who  have  traveled  through  the  oldest 
irrigated  sections  of  the  Yakima  Valley.  Land  that  was  once 
valuable  is  now  water-logged  and  worthless,  alkali  being  everywhere 
visible. 

Tl:e  contracts  of  the  best  managed  canals  in  the  Yakima  Valley 
allow  1  second-foot  for  100  and  160  acres  of  land,  which  gives  a  total 
depth  of  water  of  44  and  27  inches,  respectively,  over  the  land  irrigated. 
From  the  figures  which  follow,  it  can  be  seen  that  nearly  twice  this 
amount  was  used  during  the  season  of  1904. 

To  determine  more  accurately  the  hydrographic  conditions  existing 
in  the  Yakima  Valley,  a  systematic  series  of  investigations  were  made 
during  the  irrigation  season  of  1904  under  the  direction  of  T.  A.  Noble, 


ROW,  WHICTLER, 
AND  NOBLE. 


'] 


COLUMBIA    RIVER   DRAINAGE    BASIN. 


109 


district  engineer,  by  G.  H.  Bliss,  assisted  hy  G.  F.  Harley.  Not  only 
were  the  former  gaging  stations  on  the  Yakima,  Naches,  and  Tieton 
rivers  continued,  but  new  stations  were  established  at  other  control- 
ling points  on  these  rivers,  and  also  upon  all  but  the  smallest  canals 
taking  water  from  them.  In  each  case  discharge  measurements  and 
daily  gage  readings  were  taken  near  the  head  works  of  the  canals. 

As  a  rule  the  irrigation  season  in  the  Yakima  Valley  opens  about 
April  16  and  closes  about  October  15,  and  estimates  of  discharge  have 
been  made  for  this  period.  In  the  tables  of  monthly  discharge  the 
flow  for  periods  during  which  no  gage  readings  were  taken  has  been 
estimated.  The  maximum,  minimum,  and  mean  discharges  are  com- 
puted for  periods  during  which  water  was  actually  flowing  iiv  the  canal, 
the  days  when  the  water  was  shut  off  as  noted  in  the  table  of  gage 
heights  not  being  considered.  The  ''total  in  acre-feet"  represents 
the  entire  discharge  of  the  canal  for  the  same  periods.  The  flgures 
for  "depth  in  inches  over  the  irrigated  area''  are  computed  from  the 
run-off  in  acre-feet  and  no  allowances  are  made  for  losses  from  waste 
or  other  causes.     For  a  list  of  the  canals,  see  table  on  page  165  et  seq. 

CASCADE   CANAL   NBAB  THORP,  WA8U. 

This  is  the  first  canal  taking  water  from  Yakima  River.  It  heads 
in  the  river  on  its  left  bank  in  sec.  33,  T.  19  N.,  R.  17  E.,  and  has  just 
been  completed.  Owing  to  the  lateness  of  its  completion  no  land  was 
irrigated  from  it  during  the  season  of  1904.  The  canal  is  controlled 
by  a  cooperative  association. 

WEST   KimTAS  CANAL  NEAR  TSORP,  WASH. 

This  canal  heads  in  Yakima  River  on  its  right  bank  in  sec.  33,  T.  19 
X.,  R.  17  E.,  about  3  miles  northwest  of  Thorp.  It  is  controlled  by 
the  West  Kittitas  Irrigation  Company,  a  cooperative  association. 

DMutrge  meaguremerUg  of  West  KittiUu  canal  near  TKorpy  Wash.^  in  1904* 


Date. 


Hydiographer. 


Jane  17 Geo.  F.  Harley. 

September  23 do 

September  23 do 

September  23 do 


Area  of 
section. 

8q./eet. 

Mean 
velocity. 

Oase 
height. 

Ft.  per  sec. 

Feet. 

25.8 

2.07 

1.91 

20.5 

1.77 

1.48 

18.4 

1.78 

1.32 

.0 

.00 

.00 

Dis- 
chaTge. 


Sec-feel. 

53.5 

36.3 

32.5 

.0 


NoTK. — MeaBured  in  a  14-foot  flume. 
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Mean  daily  gage  height ,  in  feet,  of  West  KiUUas  eantd  near  Thorp  ^  Wash.,  for  1904- 


Day. 


June. 


6. 
7. 
8. 


10. 


11.. 


12. 
13. 
14. 
15. 
16. 


July. 

Aug. 

(«) 

1.58 

(«) 

(«) 

(«) 

(«) 

1.67 

2.04 

1.83 

2.04 

1.83 

1.96 

1.67 

1.92 

1.96 

1.87 

1.83 

1.87 

2.21 

1.87 

2.21 

1.83 

2.17 

2.00 

2.12 

1.92 

2.00 

1.92 

2.00 

2.00 

1.83 

1 

1.96 

Sept. 


2.33 
2.29 
2.25 
2.17 
2.17 
2.17 
CO 


Oct. 


2.00 
2.00 


Day. 


June. 


17 

1.92 

18 

1.96 

19 

200 

20 

1.96 

21 

1.87 

22 

1.96 

23 

1.96 

24 

1.83 

25 

1.79 

26 

(<i) 

27 

(a) 

28 

(«) 

29 

(a) 

30 

31 

July.  I  Aug.    Sept 


1.75 

1.67 

1  62 

1.54 

1.46 

1.37 

1.96 

1.92 

1.83 

1.33 

(°) 

(«) 

1.83 

1.83 

1.67 


1.92 
1.79 
1.58 
1.54 
1.50 
1.50 
1.42 
1.37 
2.00 
2.17 
2.25 
2.37 
2.37 
2.42 
2.42 


Oct. 


l.^.> 
1.75 
1.71 
1.71 
1.71 
1.75 
1.87 
1.96 


1 


a  Water  shut  off. 
«» No  record. 


Rating  taJbU  for  West  Kittitas  canal  near  Thorp,  Wash.,  from  June  17  to  October  2,  J904. 


Gage 
height. 

Discharge. 
Second-feel. 

helgnt. 

Discbaige. 

Gage 
height. 

Discharge.  ' 

Gage 
height. 

Discharge. 

Feet. 

Feet. 

8econd'/eet. 

Feet. 

Second-feet. 

Feet. 

Seeond-feet. 

0.00 

0.0 

0.65 

9.9 

1.30 

30.5 

1.95 

53.9 

.05 

.5 

.70 

11.0 

1.35 

32.3 

2.00 

65.7 

.10 

1.1 

.75 

12.2 

1.40 

34.1 

2.05 

57.5 

.15 

1.7     1 

.80 

13.5 

1.45 

35.9 

2.10 

50.3 

.20 

2.3    ! 

.85 

14.9 

1.50 

37.7     ! 

2.15 

61.1 

.25 

3.0 

.90 

16.4 

1.55 

39.5    ! 

2.20 

62.9 

.30 

3.7 

.95 

18.0 

1.60 

41.3 

2.25 

64.7 

.35 

4.5 

1.00 

19.7 

'     1.65 

43.1     ! 

2.30 

66. 5 

.40 

5.3 

1.05 

21.5 

1.70 

44.9 

2.35 

68.3 

.45 

6.1 

1.10 

23.3 

1.75 

46.7 

2.40 

70.1 

.50 

7.0 

1.15 

25.1 

1.80 

48.5 

2.45 

71.9 

.55 

7.9 

1.20 

26.9 

1.85 

50.3    ! 

2.50 

73.7 

.60 

8.9 

1.25 

28.7 

1.90 

52.1 

The  above  table  is  based  upon  4  discharge  measuremeDts  made  during  1904.  It  is  not 
well  defined.  Above  gage  height  1.00  foot  the  rating  curve  is  a  tangent,  the  differenct* 
being  3.6  per  tenth. 


R089.  WHI8TI. 
AND  NOBLE, 


k"]         COLUMBIA    RIVER    DRAINAGE    BASIN. 


Ill 


Mean  daily  dMuirge,  in  seccmd-futy  of  West  Kittitas  canal  near  Thorp ^  Wash.j  for  1904. 


Day.    June. 

July,  i 

(") 

(«) 

(«) 
43 
50 
50 
43 
54 
50 
63 
63 
61 
59 
56 
56 
50 

1 
1 

1 
2 ' 

3 1 

4 ! 

5 

1 
6 

7 

8 

9 

10 

11 i 

12 ! 

13 

14 

15 

16 

Aug. 

Sept. 

68 
67 
65 
61 
61 
61 

'1 
Oct.     Day. 

1 

June. 

52 
54 
56 
54 

50 
54 
54 

50 
49 
(") 
(") 
(•) 
(") 
(") 
(") 

July. 

47 
43 
41 
40 
36 
32 
54 
52 
50 
32 

(«) 

(«) 
SO 
50 
43 

Aug. 

52 
49 
41 
40 
38 
38 
34 
32 
56 
61 
65 
68 
68 
70 
70 

Sept. 

Oct. 

41 

56 
56 

17 

(«) 

18 

1 

(") 

19 

1 
1 

5S 

20 

1 

58 

21 

54 

1 

1  22 

52 

1  23 

47  

50 

'  24 

47  

50 

25 

45  

50 

26 

45  

50 

1 

27 

«! 

56 

28 

47  

52 

1 

1 

29 

! 

50  1  .  ... 

52 

■ 

30 

54  ' 

56 

1 

31 

54 

1 

1 

n  Water  abut  off. 
Estimated  monthly  diseharye  of  West  Kittitas  canal  near  Thorp ^  Wash.  ^  for  1904. 

[Irrigated  area,  7,000  acres.] 


Month. 


April  16-30" 
Mav" 


June 


ah 


August '^ 
September 
October  1-15 


The  period 


Discharge  in  second-feet. 


Maximum.     Minimum. 


Mean. 

/50 

50 

53 

48.8 

52.2 

55 

56 


Total  in 
acre-feet. 


52 


1,488 
3,074 
2,628 
2,517 
3,003 
3,273 
1,666 

17,650 


Depth  of 

run-off  in 

Inches,  over 

irrigated 

area. 


2.54 
5.27 
4.50 
4.30 
5.14 
5.60 
2.85 


30.20 


a  Estimated. 

b  Water  shut  off  5  days. 


c  Water  shut  off  2  days, 
t' September  7-22  estimated. 


TOWN    CANAL   NEAR    ELLENSBURG,  WA8H. 

This  canal  heads  in  the  left  bank  of  Yakima  River  about  9 
miles  northwest  of  EUensburg,  in  sec.  7,  T.  18  N.,  R.  18  E.  The  dis- 
charge was  gaged  June  16  and  again  August  5.  About  July  10  the 
caual  was  cleaned  and  considerable  material  which  had  been  washed 
in  was  removed.  On  account  of  these  changes  of  the  channel  the 
estimates  of  discharge  are  only  approximate.  The  canal  is  controlled 
by  a  cooperative  association. 
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STREAM    MKASUBKMENTS    IN   1904,  PART   XII. 


fKO.  135. 


DMiarge  meaaurements  cf  Town  canal  near  EUenibwy,  Wtuh.,  in  190^. 


Date. 


June  16 . . 
August  5. 


Hydrographer. 


G.  F.  Harley 
do 


Width. 

Area  of 
sectiob. 

Feet. 
20 
20 

Sq.feet. 
61.2 
58.3 

Mean  Oase 

velodty.   <    hd^nt. 


chan^ 


Ft.  per  tec. 
2.06 
2.19 


Feel.        Sec-feet. 
4. 15  I  126 

3. 75  128 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Mean  daUy  gage  height  ^  in  feet,  cfTown  canal  near  EUensburg,  Wash.,  for  190J^ 


Day. 


Aug. 


3.67 
3.67 
3.67 
3.67 
3.76 
3.75 
3.75 
3.71 
3.71 
3.67 
3.67 
3.58 
3.58 
3.67 
3.67 
3.75 


Sept. 


Day. 


3.75 
3.67 
3.71 
3.67 
3.67  I  21 
3.67      22 


17. 
18. 
19. 
20. 


3.71 
3.62 
3.62 
3.58 
3.58 
3.54 
3.50 
3.50 
3.50 
3.50 


23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


4.17 

4.17 

4.25 

(«) 

(«) 

4.00 

4.00 

3.92 

4.06 

4.06 

4.06  I 

4.08 

4.08 

4.06 


July. 

Aug. 

3.83 

3.83 

3.83 

3.83 

3.67 

3.83 

3.67 

3.92 

3.67 

3.92 

3.67 

3.92 

3.67 

3.92 

3.67 

3.92 

3.67 

3.83 

3.67 

3.83 

3.75 

3.83 

3.75 

3.83 

3.75 

3.83 

3.67 

3.75 

3.67 

3.75 

Sept. 


3.50 
3.46 
3.46 
3.42 


a  Water  shut  off. 


Mean  daUy  disdujarge,  in  eeoondrfeetj  afTown  canal  near  EUenshvrg,  Wash.,  for  190^ 


Day. 


1 

1 

' 

■ 

■ 

1 

1 

1    128 

122 
122 
122 
122 
122 
122 
122 
134 
134 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 
135 


120 
120 
120 
120 
128 
128 
128 
127 
127 
120 
120 
114 
114 
120 
120 
128 


Sept. 


Day. 


Juno. 


128 

17 

120 

18 

127; 

19 

120 

20 

120 

21 

120 

22 

127 

23 

117 

24 

117 

25 

114 

28 

114 

27 

113 

28 

112 

29 

112 

30 

112 

31 

112 

126 
126 
129 

(«) 

C) 

119 

119 

114 

122 

122 

122 

122 

122 

122 


July. 

Aug. 

132 

132 

132 

132 

120 

132 

120 

136 

120 

136 

120 

136 

120 

136 

120 

136 

120 

132 

120 

132 

128 

132 

128 

132 

128 

132 

120 

128 

120 

128 

Sept. 


112 
110 
110 
106 


•  •  •  "  •  •  • 


a  Water  shut  off. 


BOn,  WH28TLKB, 
▲]C1>  NOBLK, 


*]        COLUMBIA   RIVEB   DSAINAQifi   BASIN. 
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EtHnusted  mofUMy  diseKarge  of  Town  canal  near  EQenthwrg,  Wa^.^for  190^, 

[Irrigated  area,  8,000  acrei.] 


Month. 


April  16^1  a 
May 


Jime^ 

Julyc 

August 

September  o  .. 
October  1-16<« 


Diichaige  in  second-feet. 


Maximum. 


129 
135 
136 
128 


The  period. 


136 


Minimum. 


114 
120 
114 
106 


108 


Mean. 


Total  in 
aore-feet. 


Depth  of 

run-off  in 

inches  over 

irrigated 

area. 


100 
110 
122 
124 
127 
116 
100 


116 


2,975 
6,764 
6,776 
6,150 
7,809 
6,902 
2,975 


4.46 
10.2 
10.2 

9.23 
11.7 
10.4 

4.46 


40,350 


60.6 


*t  Estimated. 

fr  Water  shut  off  2  days;  estimated  June  1-15. 


e  Water  shut  off  6  days. 

ft  Estimated  September  21-30. 


OLBBN  (or  mill)  DITCH  N£AS  BLLEN8BUBO,  WASH. 

This  ditch  heads  in  the  left  bank  of  Yakima  River  just  below  Town 
canal.  It  has  under  it  about  1 ,200  acres  of  land,  nearly  all  cultivated. 
A  miscellaneous  measurement  taken  August  5  gave  a  discharge  of  14 
second-feet. 

SBLAH-MOXSS  CANAL  NEAR  NORTH   YAKIMA,  WASH. 

This  canal  heads  in  the  left  bank  of  Yakima  River  just  below  the 
Yakima  Canyon  in  sec.  8,  T.  14  N.,  R.  19  E.  It  is  the  next  canal  of 
importance  below  the  Olsen  (or  Mill)  ditch  at  EUensburg.  Measure- 
ments taken  on  the  wasteways  of  the  Selah-Moxee  canal  show  that 
its  direct  waste  into  the  river  rarely  exceeds  25  per  cent  of  the  water 
taken  in  at  the  headworks  and  often  is  practically  nothing. 

Diseharffe  mea8urements  of  SdaK-Moxee  oarud  near  Norih  Yakima f  Wash.f  in  1904- 


Date. 


April  26 

June  8 

June  22 

June  90 

September  21 


Hydrogiapher. 


G.  H.  Bliss. 

do... 

do... 

J.  C.  Diy. . 
G.  H.  Bliss. 


Width. 

Feet. 
22 

19 
23 
20 
19 


I   Aveaof 
section. 


Mean 
velocity. 


8q.  feel.    Ft.  per  sec. 


41 
40 
52 
45 
37 


2.46 
1.70 
1.92 
1.71 
1.37 


Oaffe 
leiknt. 


heig] 


Dis- 
charge. 


Feel. 
2.42 

2.17 

2.50 

2.25 


Sec.-Jt. 
84 

«68 

^99 

77 

51 


iRB  136—05 S 


a  10  aeoond-feet  wasting, 
b  40  seoond-feet  wasting, 
elfeasuredbelow  wasteway  No  2, 
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[NO.  1S5. 


Mean  daUy  gage  height,  in  feet,  of  Selah-Moxee  eand  near  NorA  Yakima,  Wash,,  for  190^. 


Day. 


Apr. 


May. 


3. 


6. 


8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
23. 
21. 
22. 
23. 
21. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


2.83 
2.58 
2.42 
2.33 
2.17 
2.06 
2.08 
1.79 
1.58 
1.42 
2.21 
2.21 
2.21 
2.25 
2.29 
2.29 
2.25 
2.21 
2.25 
2.25 
2.29 
2.46 
2.46 
2.42 
2.33 
2.29 
2.25 
2.25 
2.33 
2.33 
2.33 


June. 


July. 


2.29 
2.25 
2.25 
2.25 
2.29 
2.37 
2.42 
2.17 
2.04 
1.04 
2.21 
2.29 
2.21 
2.08 
2.06 
2.33 
2.25 
2.37 
2.42 
2.46 
2.46 
2.50 
2.37 
2.37. 
2.25 
2.17 


2,37 
2.37 
2.37 
2.37 
2.00 
2.29 
2.29 
2.21 
2.21 
2.12 
2.04 
2.00 
2.04 
2.12 
2.00 
1.92 
2.00 
2.00 
2.04 
2.17 
2.12 
2.12 
2.12 
2.21 
2.21 
2.12 


Aug. 


Sept.   I    Oct. 


2.06 

2.21 

2.25 

2.12 

2.29 

2.21 

2.25 

2.12 

2.12 

2.29 
2.21 
2.29 
2.37 
2.21 
2.25 
2.21 
2.17 
2.21 
2.29 
2.17 
2.29 
2.29 
2.25 
2.29 
2.29 
2.29 
2.29 
2.29 
2.29 
2.29 
2.29 
2.37 
2.37 
2.32 
2.25 
2.29 
2.29 
2.33 
2.42 
2.33 


2.33  1.42 

2.33  I  1.42 
2.29  1.42 

2.29  '  1.42 
2.29  j  1.42 
2.29  1.42 

2.29  I         1.25 

2.33    

2.33    

2.33    

2.33    

2.33    

2.33    

2.33    

2.33    

2.29    

2.29    

2.25    

2.25  I 

2.25    

2.25    

2. 25  ! 

2.25    

2.17  I 

2.17  I 

1.79  ' 

1.42  I 

1.42  , 

1.42  ' 

1.42  1 

i 


Mean  daUy  discharge  j  in  secondfeet,  ofSdahrMoxee  oanaL  near  NorlhTdkima,  Waeh.ffor  190^. 


Day. 


Apr. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 


June.      July.  I   Aug.      Sept.   ,    Oct. 


132 
107 
91 
81 
70 
65 
65 
52 
46 
40 
73 
73 
73 
75 
78 
78 
75 
73 
75 


78 ; 

75 
75 
75 
78 
86 
91 
68 
62 
31 
73 
78 
73 
65 
65 
82 
75 
86 
91 


88 
86 
86 
86 
60 
78 
78 
73 
73 
67 
63 
60 
63 
67 
60 
57 
60 
60 
63 


78 
73 
78 
86 
73 
75 
73 
70 
73 
78 
70 
78 
78 
75 
78 
78 
78 
78 
T8 


83 
83 
78 
78 
78 
78 
78 
83 
83 
83 
83 
83 
83 
83 
83 
78 
78 
75 
75 


40 
40 
40 
40 
40 
40 
»1 


nOM,  WHISTLER, 
AND  NOBLE. 


]        COLUMBIA    RIVER   DRAINAGE    BASIN. 
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Mean  daily  diseharge,  in  second-feet  ^  of  Sdah-Moxee  camd  near  North  Yalcima,  Wa^,, 

for  190J^ — Continued. 


Day. 


Apr. 


20. 
21. 
22. 
23. 


34. 
25. 


May.  , 

June. 
95 

July. 
70 

75; 

78  1 

96 

67 

05, 

99 

67 

as 

86 

67 

91  > 

86 

72 

Aug. 


26. 
27. 
28. 
29. 
30. 
31. 


84 

60 

107 

116 

124 


82  I 
78, 

75  ' 
82  ' 
82  I 
82  . 


75 
68  , 
66  > 

76  I 

77  ! 


72  I 

67 

73 

67 

73 

67 

67 


I 


78 
78 
78 
86 
86 
83 
75 
78 
78 
83 
91 
83 


Sept. 

76 
76 
76 
76 
70 
TO 
52 
40 
40 
40 
40 


Oct. 


Rating  talde  for  Sdah-Moxee  camd  near  North  Yakima^  Wash.,  from  AprU  26  to  October  7, 


uage 
height. 


Discharge. 


Gage 
leignt. 


Diflcharge. 


Feel. 

Secondrfett. 

\     Feet. 

Second-feet. 

1.35 

39 

1.80 

52 

1.40 

40 

1.85 

54 

1.45 

41 

1.90 

56     ' 

1.50 

42 

1.95 

58     ' 

1.55 

43 

2.00 

60 

1.60 

44 

2.05 

63 

1.65 

46 

2.10 

66 

1.70 

48 

2.15 

69 

1.75 

50 

1 
1 

1 

GaKe 
bel^t. 

Feet. 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.55 


I 


Discharge. 


Sectmdrfeei. 
72 

75 
79 
84 
89 
94 
99 
104 


Oase 
leignt. 


Feet. 
2.60 
2.65 
2.70 
2.75 
2.80 
2.85 
2.90 
2.95 


Discharge. 

Suond-feet. 
109 
114 
119 
124 
129 
134 
139 
144 


The  above  table  is  based  upon  five  dischai^  measiuvments  made  during  1904.    Above 
gage  height  2.25  the  table  is  well  defined. 

EetimaUd  monthly  discharge  cf  Selah-Moxee  canal  near  North  Yakima,  Wash.,  for  1904, 

[Irrigated  area,  6,000  acres.] 


Month. 


Discharge  in  second-feet. 


Maximum. 


April  16-30  «  . 

May 

June 

July 

August , 

September 

October  1-15  ^ 


Minimum. 


Mean. 


132 
99 
86 
91 

83 


The  period. 


132 


40 
31 
57 
70 
40 


31 


98.0 
77.8 
76.9 
69.5 
78.2 
72.6 
39.0 


74.9 


Total  in 
acre-feet. 


Depth  of 

run-off  in 

inches  over 

irrigated. 

area. 


2,916 
4,784 
4,576 
4,273 
4,808 
4,320 
1,160 


26,840 


5.83 
9.57 
9.15 
8.55 
9.62 
8.64 
2.32 

53.7 


a  Estimated  April  l<>-26. 


t>  Estimated  October  8-15. 
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STREAM   MEASUBEMENTS   IN   1004,  PAST    XII. 


Lno.  13Bl 


TATLOB  CANAL.  NBAS  NORTH  TAKUCA,  WASH. 

This  is  the  next  canal  taking  water  from  the  Yakima  below  the 
Selah-Moxee  canal.  It  heads  in  the  right  bank  about  4  miles  above 
the  mouth  of  Naches  River.  The  canal  was  built  by  the  original 
owners  of  the  adjacent  land,  and  as  they  have  disposed  of  their  land 
they  have  included  in  the  sale  a  water  right  which  is  imderstood  to 
be  1  miner's  inch  per  acre,  though  there  is  no  accurate  system  of 
measuring  the  water  used.     Maintenance  is  carried  on  by  assessments. 

No  station  has  been  maintained  on  this  canal.  Two  measure- 
ments were  taken  just  below  the  head  works  with  the  following  results: 

Sec.-feet. 

August  9,  discharge 9 

September  19,  discharge 13 

MOXEE  AND  HUBBABD  CANALS  NEAR  NORTH  TAKUCA,  WASH. 

The  Moxee  Company  controls  and  operates  these  canals.  They 
head  in  the  Yakima  River  near  the  line  between  sees.  7  and  18  in  T.  13 
N.,  R.  19  E.  Gaging  stations  were  maintained  on  each  canal,  but 
the  table  of  estimated  monthly  discharge  is  computed  for  the  com- 
bined flow  and  the  area  irrigated  by  both  canals.  Very  little  water 
is  wasted  directly  into  the  river  by  either  of  these  canals. 

Discharge  measurements  of  Moxee  canal  near  North  Yakima,  Wash.f  in  1904.. 


Date. 


Hydrographer. 


Width. 


Feet. 


May20 G.  H.  BUss. 

June  17 do 

September  3 J.  C.  Dry. . 


9 
9 
9 


Area  of 
section. 

Mean 
velocity. 

Ft.  per  sec. 

Gage 
hei^t. 

Square /I. 

Feet. 

10.8 

1.39 

1.17 

9.9 

.91 

1.08 

15.0 

.80 

1.54 

Dis- 
charge. 


SeamA-Ji. 

15 

9 

12 


Mean  daily  gage  height,  in  feet,  of  Moxee  canal  near  North  Yakima,  Wash.,  for  190^^ 


Day. 


5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 


1.37 
1.37 
1.37 
1.39 
1.35 
1.39 
1.33 
1.37 
1.35 
1.46 
1.45 
1.42 
1.17 
1.19 


July.  I   Aug.   ,  Sept. 


1.14 

(«) 
(«) 
.83 

.81 
.92 
.94 
.92 
.92 
.95 
.92 
.90 
.88 
.96 


1.33 
1.44 
1.37 
1.37 

(«) 
(") 
1.44 

1.50 
1.46 
1.53 
1.46 
1.53 
1.56 
1.50 


f 


1.58 
1.58 
1.54 
1.54 
1.62 
1.50 
1.54 
1.54 
1.56 
1.50 
1.49 
1.50 
1.46 
1.46 


Oct. 


1.04 

1.06 

.62 

.69 


a  Water  shut  off. 


"'^d'kobl"']        COLUMBIA    RIVER   DRAINAGE   BASIN. 
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Mean  daUy  gage  height  f  in  feet  ^  of  Moxee  canal  near  North  Takimat  Wath. ,  for  1904 — Cont'd. 


Day. 

May. 

June. 

•July. 

1.5  ..              

1.06 
1.07 
1.08 
1.12 
1.11 
1.09 
1.06 
1.04 
1.02 
.96 
1.17 
1.21 
1.17 
1.21 
1.23 
1.21 

1.14 

16 

.85 

17 

.91 

18 

.96 

19 

1.12 

20 

1.17 
1.12 
1.21 
1.15 
1.17 
1.21 
1.15 
1.29 
1.27 
1.20 
1.29 
1.23 

1.15 

21 

1.29 

22 : 

1.36 

23 

1.29 

24 

1.19 

25 

1.17 

36 

1.43 

1.35 

28 

1.29 

1.27 

30 

1.27 

31 

1.27 

Aug.      Sept. 


1.48 
1.52 
1.54 
1.54 
1.54 
1.60 
1.57 
1.56 
1.56 
1.58 
1.67 
1.61 
1.65 
1.67 
1.74 
1.58 
1.52 


1.45 
1.44 
1.44 
1.39 
1.39 
1.30 
1.42 
1.50 
1.58 
1.60 
1.25 
1.06 
1.04 
1.06 
1.06 
1.04 


Oct. 


Mean  daUy  dieeharge,  in  seeondrfeet,  of  Moxee  cawd  near  North  Yakima,  Wcuh,,  for  1904- 


Day. 


1. 
9 


3.. 
4.. 
5.. 
«. 
7. 
S. 
9. 
lO. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
31. 


July. 


Sept.   Oct. 


15 
11 
17 
13 
15 
17 
13 
23 
22 
23 
23 
19 


28 
28 
28 
29 
26 
29 
25 
28 
26 
33 
33 
31 
15 
16 

7 

8 

9 
11 
10 

9 

8 

6 

5  ■ 

i\ 

16 
15 
17 
19 
17 


13 


1 
1 
2 
2 
2 
2 
3 
2 
2 
1 
4 

12 : 
1 

2  ' 

2 
12 
13 
23 
26 
23 
16 
15 
33 
26 
23 
22 
22 
22 


25 
33 
28 
28 


33 
36 
33 
38 
33 
38 
39 
36 
34 
37 
39 
39 
39 
42 
40 
39 
39 
40 
47 
42 
45 
47 
51 
39 
37 


40  , 

40 

39 

39 

42 

36 

39 

39 

39 

39 

34 

36 

34 

34 

33 

32 

32 

29 

29 

29 

32 

36 

40 

42 

20 

7 

6 

9 

9 

6 


6 
7 
1 
1 


a  Water  shut  off. 
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[no.  135. 


Discharge  measurements  of  Hubbard  canal  near  North  Yakima,  Wask,,  in  190J^ 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Ga^e           Dis- 
heignt.       ciukfBe. 

Feet. 

Sq.feet. 

Ft.  per  sec. 

Feet.       8ee.-/e€t. 

May  20 

G.H.  Bliss 

12 

20.0 
17.6 

1.50 
1.14 

1.92 
1.66 

90 

June  17 

do 

12 

20 

June  17 

do 12 

14.5 

1.17 

1.42 

17 

September  3 

J.C.Dry !           12         18.5 

1 

1.29 

1.78 

• 

24 

Mean  daUy  gag 

e  height  J  in  feet,  of  Hubbard  canal  near  North  Yakima,  Wash,,  for  1904. 

Day. 



May. 

June. 

July. 

.  Aug. 

Sept. 

1 

Oct. 

1 

j      1.96 
1.94 

'      1.95 
1.95 
1.96 
1.95 

1.96 
2.12 
2.12 
1.74 
1.72 
1.71 
1.69 
j      1.26 
1.25 
1.24 
1.23 
1.21 
1.31 
1.20 
1.10 
1.62 
1.62 
1.79 
1.60 
1.71 
1.83 
1.87 

1.71 
2.02 
2.00 
.1.05 
1.83 
1.81 
1.75 
1.79 
2.12 
2.03 
1.96 
1.85 
1.85 

1 

1.79 

1.79 

1.77 

1.14 

2 

] 

1.14 

3 

1.17 

4 

1.73  I        i-l.'i 

5 

1.75 
1.62 
1.62 
1.60 
1.69 

6 

7 

1.99 
1.92 

8 

9 

1.86 
1.95 
1.85 
1.62 
1.50 
1.67 
1.73 
1.74 
1.42 
1.42 
1.42 
1.39 
1.39 
1.95 



10 

1.60    .... 

11 

1.68    

12 

1.67  ' 

13 

1.67    

14 

1.78         1.67    

15 

1.73         1.67     -. 



16 

........ 

2.14 

1.67' 

17 

2.10         1.67 

18...., 

2.10 
2.10 
2.12 
2.11 
1.96 

1.82    

19 

1.62    ... 

20 

1.92 
1.79 

1.33  ' 

21 

1.33  !.... 

22 

1 

1.85 

1.33    

23 

1.78 

1.79 

1.77 

1.94 

1.42  ] 

24 

1.79 

1.04 

1.62 

1.87 

1.42    

25 

1.88 

1.04 

1.50 

1.79 

1.14    

28 

1.79 

1.77 

1.98 

1.73 

1.14    

27 

2.06 

1.79 

2.00 

1.89 

1.12 

28 

'      2.05 

1.81 

2.00 

1.92 

1.12 

29 

2.05 

1.79 

1.05 

2.04 

1.12 

30 

2.ai 

1.79 

1.87 

1.83 

1.14    

31 

'      2.04 

1.87         1.7B 

i               • 

1 

ROM,  WHIBTLBR 
AKD  NOBLK 


[*']        COLUMBIA    RIVER   DRAINAGE  SASIN. 


119 


Mean  daUy  discharge,  in  secondrfeetf  cf  Hubbard  eatud  near  North  Yakima,  Wash.,  for  190j^, 


Day. 


1.. 

o 

«.  -  - 

3.. 
4.. 

5.. 

6.. 

7.. 

8.. 

9.. 
10-. 
11.. 
12.. 

a.. 

14.. 


16. 


June. 

July. 

Aug. 

Sept. 

Oct. 

31 

31 

21 

24 

15 

31 

42 

34 

24 

15 

31 

42* 

34 

23 

15 

31 

23 

31 

23 

15 

31 

21 

26 

23 

31 

21 

24 

19 

34 

21 

23 

19 

28 

16 

24 

19 

26 

16 

42 

21 

31 

16 

31 

21 

26 

16 

31 

21 

19 

16 

26 

» 

1 

19 

16 

26 

20 

20 

16 

23 

20 

23 

15 

23 

» 

23r 

19 

47 

20 

Day. 


May. 


17 

18 

10 

20 

28 

21 

24 

22 

26 

23 

24 

24 
24 

25 

28 

26 

24 

27 

38 

28 

38 

29 

38 

30 

38 

31 

38 

June. 

July. 

Aug. 

17 

19 

42 

17 

24 

42 

17 

19 

42 

17 

21 

42 

17 

26 

42 

31 

26 

34 

24 

23 

31 

15 

19 

26 

15 

18 

24 

23 

34 

23 

24 

34 

28 

24 

34 

28 

24 

31 

38 

24 

26 

26 

26 

24 

Sept. 

20 
19 
19 
16 
16 
16 
17 
17 
15 
15 
15 
15 
15 
15 


Rating  table  for  Hubbard  eanalnear  North  Yakima,  Wash.,  from  May  20  to  October  4, 190^, 


Gage 
height. 

Diacfaaige. 

Gage 
height. 

Diaohaige. 
Setondrfeet. 

Gage 
height. 

Di 

Feet. 

Second-feet. 

Feet. 

Feet. 

Sei 

1-00 

14.9 

1.35 

1 

16.3 

1.65 

1.05 

15.0 

1.40 

16.8     1 

1.70     j 

1.10 

15.1 

1.45 

17.3     ; 

,     1.75    , 

1.15 

15.3 

1.50 

17.8 

1.80    ' 

1                 1 

1.20 

15.5 

1.55 

18.4 

1.85 

1.25 

15.7 

1.60 

19.2 

1.90 

1.30 

16.0 

1 

f 

Discharge. 

Secondrfeet. 
20.2 
21.2 
22.6 
24.2 
26.0 
28.2 


Gage 
leignt. 


heig 


Feet. 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 


Diflchaige. 


Second-feet. 
31 
34 
38 
42 
47 
53 


Tbe  above  table  is  based  upon  four  discharge  measurements  made  durtng  1904.     Above 
gage  height  1.40  it  is  well  defined. 
Estimated  monthly  discharge  of  Moxee  and  Huhbard  canals  near  North  Yakima,  Wash,,  for 

1904. 
[Irrigated  area,  3,500  acrra.] 


Discharge  in  second-feet. 


Month. 


April  l&-30« 

May 

June 

July 

August 

September. . . 
October  1-15. 


Maximum. 


61 
67 
68 
98 
66 


The  period. 


98 


Minimum. 


35 
16 
16 
46 
21 


Mean. 


16 


35.0 
49.0 
42.4 
33.8 
72.8 
49.6 
19 


Total  in 
acre-feet. 


45.9 


1,041 
3,013 
2,523 
2,078 
4,476 
2,951 
568 

16,650 


Depth  of 
run-off  in 

inches 
over  irri- 
gated 
area. 


3.57 
10.3 

8.64 

7.12 
15.4 
10.1 

1.95 


57.1 


a  Estimated  April  16  to  May  19;  also  October  5-15. 
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[KO.  ISS. 


FOWUSB  CANAL  NBAK  NOBTH  TAKDCA,  WA8H. 

This  canal  heads  in  Yakima  River,  in  sec.  18,  T.  13  N.,  R.  19  E. 
is  controlled  by  a  stock  company. 

Discharge  measttretMrUs  of  Fowler  eancH  near  North  Tdkimay  WoMh.,  in  190^ 


It 


Date. 


May  20 

June  17 

September  3. 
September  3. 


Hydrographer. 


Q.  H.  Bliss 

do.... 

J.  C.  Diy.. 
do.... 


Width. 


Feet, 
10 
10 
10 


I 


Ana  of 
section. 


Sq.Jeet. 

14.7 

9.8 

13.7 


Mean 
velocity. 


FUpertec 
2.38 
1.86 
2.18 


Otfe 
leifl^t. 


IHa- 


Feet. 

1.24 

.76 

1.20 

.00 


8ec.-/eei. 
35.0 
18.2 
29.1 


Ihy. 


Mean  daUy  gage  height,  in  feet,  of  Fowler  canal  near  Norih  Takima,  Watk.,f€r  1904- 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oot. 

1 

1.10 

1.06 

1.00 

1.11 

1.10 

1.15 

1.01 

.96 

.92 

1.02 

1.00 

.96 

.02 

.06 

1.00 

1.07 

.78 

.52 

.62 

.60 

.60 

.44 

.65 

.67 

.09 

.62 

.87 

1.00 

.92 

1.04 

1.04 

1.00 

1.10 

1.17 

1.14 

1.06 

1.04 

1.04 

.92 

.88 

1.10 

1.04 

.71 

.64 

.46 

1.06 

1.04 

.92 

.83 

.88 

.88 

.88 

.83 

.75 

.66 

1.00 

1.00 

.94 

.89 

.82 

.88 

0.82 

.89 

.81 

.71 

.85 

.83 

.00 

.64 

1.00 

1.00 

.96 

.92 

.92 

.86 

.92 

.92 

.83 

.85 

.81 

1.06 

1.06 

1.04 

1.02 

1.00 

.96 

.96 

1.08 

.0 

.77 

1.21 

.0 

1.21 
1.19 
1.17 
1.17 
1.17 
1.21 
1.21 
1.19 
1.29 
1.33 
1.31 
1.31 
1.25 
1.25 
1.24 
1.21 
1.21 
1.17 
1.17 
1.21 
1.25 
1.25 
1.27 
1.27 
1.29 
1.29 
1.29 
.0 
.0 
.0 

0.79 

2 

.00 

3 

.33 

4 

.73 

6 

0 

7 

8 

9 

10 

11 

12 

13 

14 .* 

15 

^ 

16 

17 

18 

19 

20 

1.24 
1.25 
1.32 
1.15 
1.14 
1.03 
1.33 
1.21 
l.» 
1.21 
1.21 
1.10 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

BOaa,  WHI8TLEB 
AND  NOBLB. 


*]        COLUMBIA   BIVSB   DRAINAGE    BASIN. 
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Mean  daUy  dMutrge ,  in  teeondrfuty  of  Fowler  eantd  n&$r  NoHK  Takimaf  Wath.,  for  1904. 


D»y. 

May. 

1 

2 

.  — . ....  —  ...^..  — ... 

* 

4 

5 

6 

7 ' 

8 i 

9 

10 1 

11 1 

12 

14 

15 

16 

17 

18 

ao 

34 

34 

22 

35 

23 

30 

24 

30 

27 

26 

37 

27 

32 

28 

32 

32 

30 

w 

32 

31 

32 

29 
2B 
2B 
29 
29 
30 
26 
26 
23 
26 
26 
26 
23 
24 
26 
27 
» 
11 
11 
11 
II 
10 
16 
16 
17 
14 
21 
26 
23 
27 


27 

29 
2B 
80 
30 
20 
27 
27 
23 
23 
20 
27 
17 
12 
10 
20 
27 
23 
21 
23 
23 
.  23 
21 
18 
12 
26 
28 
24 
23 
20 
23 


Aug. 

Sept. 

20 

32 

23 

32 

20 

30 

17 

30 

21 

30 

21 

32 

14 

82 

15 

32 

26 

35 

26 

37 

24 

35 

23 

35 

23 

34 

21 

34 

Oct. 


20 
0 

7 
18 


23 
23 
21 
21 
20 
27 
27 
27 
26 
26 
26 
26 
29 
0  I 

32 


I 


34 
32 
32 
30 
30 
32 
34 
34 
34 
34 
35 
35 
35 
0 
0 
0 


1 


Rating  taiiefor  Fowler  canal  near  North  Yakima,  Wash.,  from  May  SO  to  October  4,  1904. 


OWB 

heiigat. 


Feel. 
0.30 

.35 
.40 
.45 
.50 
.55 


1 

Dlflebaise. 

QBce 
hel^t. 

aecondr^feet. 

Feet. 

6.0 

0.60 

7.2 

.65 

8.4    ; 

.70 

9.7    1 

.75 

11.0 

.80 

12.3 

.85 

Dischaige. 


aeamdrfeel. 
13.7 
15.1 
16.5 
18.0 
19.5 
21.0 


Discharge. 


Feet.     .  Seeondrfeet. 


0.90 
.95 
1.00 
1.05 
1.10 


22.5 
24.0 
25.5 
27.1 
28.7 


'Hie  above  table  is  based  upon  4  dischaige  meaaurements  made  during  1904.    It  is  not 
well  defined. 
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Estimated  monthly  discharge  ofFowUr  earud  near  North  Yakima,  Wash.,  for  190^. 

[Irrigated  area,  2,000  acres.] 


Month. 


Discharge  in  second-feet. 


Maximum. 


April  16-30«... 

May 

June 

July 

August  * 

September  c 

October  1-15  rf«. 


The  period. 


37 
30 
30 
32 
37 


37 


Minimum. 


27 
10 
10 
14 
30 


10 


Mean. 


25.0 
34.0 
22.0 
23.6 
23.0 
33.0 
15.0 


25.9 


Total  in 
acre-feet. 


744 
2,091 
1,309 
1,451 
1,323 
1,767 

444 


9,129 


Depth  of 

run-off,  in 

Indies,  over 

irrigated 

area. 


4.46 
12.6 
7.85 
8.71 
7.94 
10.6 
2.66 


54.8 


a  Estimated  April  16  to  May  19. 
^  Water  shut  off  2  days. 


c  Water  shut  off  3  days, 
d  Water  shut  off  1  day. 


«  Estimated  October  6-15. 


GBANOEB  CANAL  NEAR  NORTH  YAKIMA,  WASH. 

This  canal  heads  in  Yakima  River  in  sec.  18,  T.  13  N.,  R.  19  E.  It 
is  owned  and  operated  by  a  private  party  and  irrigates  a  small  tract 
of  land  in  the  Moxee  Valley.  Owing  to  insuflBicient  measurements 
no  estimates  of  discharge  were  made  for  this  canal. 

Discharge  measurements  of  Granger  canal  near  North  Takima,  Wash.,  in  1904. 


Date. 

Ilydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Oase 
hei^t. 

Dis- 
(diax^. 

May  20 

G.H.  Bliss 

Feet. 
17 

Sq./eet. 
11.5 

Ft.  per  see. 
1.6 

Feet. 
2.0 

8ee.-/eet. 
**17.7 

a  Backwater  In  canal. 


Mean  daily  gage  height,  in  feet,  of  Granger  ^canal  near  North  Takima,  Wash.,  for  1904. 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 

1.98 
1.93 
1.94 
1.96 
1.99 
2.01 
1.19 
1.17 
1.11 
1.12 
1.10 
1.10 
2.64 
2.57 

2.00 
2.23 
2.17 
2.21 
2.19 
2.14 
2.08 
2.12 
2.06 
2.02 
1.46 
1.46 
1.39 
1.35 

1.44 
1.48 
1.46 
1.42 
1.48 
1.46 
1.39 
1.42 
1.73 
1.71 
1.60 
2.57 
2.60 
2.68 

2.04 
2.02 
2.00 
1.96 
1.96 
2.02 
2.00 
2.00 
1.17 
1.17 
1.17 
1.14 
1.12 
1.12 

1.12 

2 

1.13 

3 

1.12 

4 

1.12 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

'^N^^iS!'^]        COLUMBIA   BIYER   DBAINAOE    BASIN. 
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Mean  daUy  gage  height,  in  feet,  of  Granger  canal  near  Narih  Yakima,  Wash.,  for  1904 — 

Ck>ntinued. 


Day. 

M-V. 

JmM. 

July. 

^Mf. 

flspt* 

Got. 

15 

2.62 

1.36 

1.79 

1.12 

• 

16 

2.10 

1.42 

1.93 

1.12 

17 

2.50 

1.36 

1.86 

1.12 

18 

2.52 

1.37 

1.85 

1.12 

19 

2.52 
2.52 
2.54 
2.51 
2.48 
2.50 
2.56 
2.52 
2.52 

1.35 
1.37 
1.37 
1.87 
1.85 
1.81 
1.81 
1.80 
1.94 

1.83 
1.93 
1.87 
2.07 
2.06 
2.01 
1.96 
1.94 
2.00 

1.08 
1.06 
1.08 
1.08 
1.10 
1.10 
1.10 
1.10 
1.12 

• 

20 

2.00 
2.00 
2.06 
1.73 
1.75 
1.75 
2.04 
2.00 

21 

22 

23 

34 

25 

29 

27 

2.00 

2.58 

1.89 

1.94 

1.06 

29 

2.00 

2.02 

1.85 

2.12 

1.12 

30 

2.00 

2.21 

1.78 

2.21 

1.12 

31 

1.99 

1.43 

2.10 

NEW  BESZBTATION   CANAL  NO.  2  IN   YAKDIA  INDIAN   BEAKBYATION.  WASH. 

This  is  the  first  canal  taking  water  from  Yakima  River  below 
Atanum  Creek.  It  was  built  by  the  Government  to  irrigate  lands  in 
the  Yakima  Indian  Reservation.  It  heads  in  the  right  bank  in  sec. 
17,  T.  12  N.,  R.  19  E.  Only  about  4 J  miles  of  the  main  canal  had 
been  constructed  in  1904.  The  length  of  the  main  canal  as  proposed 
will  be  65  nules,  with  three  laterals  aggregating  25  miles.  The 
gradient  is  .03  per  100  feet,  which  causes  a  wash  in  some  places. 

Discharge  jneasurements  of  New  Reservation  canal  No.' Sin  Yakima  Indian  Reservation, 

Wash.,  in  1904. 


Hydrographer. 


Width. 
Feet. 

Area  of 
section. 

Mean 
velocity. 

Oase 
height. 

Sq.feet. 

Ft.  per  sec. 

Feet. 

40 

17.5 

1.00 

0.41 

40 

40 

1.10 

.75 

40 

44 

1.25 

.95 

40 

54 

1.63 

1.17 

40 

40 

l.dO 

.83 

Dis- 
charge. 


Sec.'fedL. 
17.7 
44 
55 
82 
52 
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Mean  daily  gage  heightf  in  feet,  cf  New  Reservation  caned  No.  2  in  Yakima  Indian  Reser- 
vation ^  for  1904. 


D&9« 


2. 
3. 


May. 


6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


0.40 
.42 
.42 
.42 
.63 
.53 
.53 
.63 


June. 


0.62 

.67 

.71 

.71 

.67 

.67 

.75  1 

.83 

.75 

.75 

.77 

.75 

.83 

.83 
1.00 
1.00 


July. 


08 
08 
08 
08 
08 
06 
06 
06 


1.21 

1.25 

1.21 

1.29 

1.00 

1.29 

1.17 

1.12 

1.00 

1.00 

.92 

.96 

.83 

.92 

.83 

.75 


1.17 
1.17 
1.17 
1.17 
1.17 
1.17 
1.17 
1.17 
1.17 
1.17 
1.17 
1.06 
1.08 
1.08 
1.08 
1.06 


Day. 

May. 

17 

0.58 
.58 
.67 
.58 
.67 
.62 
.75 
.71 
.75 
.71 
,67 
.67 
.67 
.67 
.67 

18...^ 

19 

20 

21 

22 

23 

24 

25 

28 

27 

28 

29 

30 

31 

June. 

July. 

1.00 

1.08 

1.00 

1.06 

.50 

1.06 

.83 

1.17 

.92 

1.21 

.92 

1.19  1 

Aug.     Sept. 


.92 
.92 
.92 
.92 
.92 
.96 
1.00 
1.17 


1.00 
1.17 
1.17 
1.12 
1.08 
1.06 
1.17 
1.17 
1.12 


0.87 

.87 

.83 

.83 

.83 

.83 

.83 

.83 

.83 

.92 

1.00 

1.17 

1.50 

.75 

(-) 


I.OO 
1.00 
1-00 
l.OU 

i.in 

1.00 
.92 
.92 
.U2 
.S3 
.h3 
.83 
.73 
.75 


o  Water  shut  off. 


Mean  daily  discharge,  in  second  feety  of  New  Reservation  canal  No.  2  in  Yakima  Indian 

Reservation,  Wash.,  for  190 J^. 


Day. 

May. 

June. 

27 
30 
34 
34 
30 
30 
.  38 
49 
38 
38 
38 
38 
49 
49 
69 
69 

July. 

Aug. 

97 
101 
97 
121 
69 
121 
90 
83 
60 
69 
55 
62 
49 
55 
49 
38 

Sept. 

90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
83 
83 
83 
83 
83 

Day. 

1 

May. 

27 
27 
30 
27 
30 
27 
38 
34 
38 
34 
30 
30 
30 
30 
30 

June. 

July. 

83 
83 
83 
90 
97 
97 
69 
90 
90 
83 
83 
83 
90 
90 
83 

Aug. 

49 
49 
49 
49 
49 
49 
40 
49 
49 
55 
69 
90 
149 
38 
(«) 

Sept. 

1 

90 
90 
90 
90 
90 
90 
90 
90 
83 
83 
83 
83 
83 
83 
83 
83 

17 

09 
69 
21 
49 
56 
55 
55 
55 
55 
55 
55 
62 
69 
90 

m 

2 1 

■  18 

fn 

3        ' 

19 

i^ 

4 

20 

m 

5 

'21 

69 

6 

'22 

69 

7 

1 
23 

55 

8 

24 

v. 

9 

17 
17 
17 
17 
24 
24 
24 
24 

25 

55 

10 

26 

49 

11 

1  27 

49 

12 

1 

1  28 

49 

13 

29 

3K 

14 

30 

38 

15 

31 

16 

1 

a  Water  shut  off. 


ROW,  WHISTLKB 
AND  NOBLE 
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Raiing  tabU  for  New  Retervation  canal  No.  2  in  Yakima  Indian  Regervation,  Wath.,  from 

May  9  to  September  SO,  1904. 


Ga«s 
hei^t. 

Diflchaige. 

Gage 
height. 

• 
Discharge. 

Seeqnd-feet. 
21 

Gage 
hdght. 

Feet. 
0.85 

1 
Discharge.  ' 

Second-feet. 
49 

Gage 
height. 

Feet. 
1.20 

Discharge. 

Feel. 
0.15 

Secondrfeet. 
10 

Feet. 
0.50 

8econd-/eet. 
97 

.20 

11 

.55 

24 

1 

.90 

55 

1.25 

104 

.25 

12 

.60 

27 

.95 

62 

1.30 

121 

.30 

13 

.      .65 

30  ; 

1.00 

69 

1.35 

128 

.35 

15 

.70 

34 

1.05 

76 

1.40 

185 

.40 

17 

.75 

38  ; 

1.10 

83 

1.45 

1^ 

.45 

19 

.80 

1 

43    1 

1 

1.15 

90 

1 

1.50 

149 

The  above  table  is  based  upon  5  discharge  measurements  made  during  1904.    It  is  not 
well  defined. 

Eetimaied  moMhly  discharge  of  New  Reservation  canal  No.  2  in  Yakima  Indian  Reservation, 

Wash.,  far  190J^. 

[Irrigated  area,  2,700  acres.l 


Month. 


Disehaige  in  second-feet. 


April  16-30  "* 


Total  in 
acre-feet. 


595 
1,660 
2,922 
5,312 
4,106 
4,380 
1,488 


Depth  of 

run-off  in 

inches, over 

irrigated 

area. 


2.64 
7.38 
13.0 
23.6 
18.2 
19.5 
6.61 


20,460 


90.9 


a  Estimated  April  15  to  May  8. 


ft  Water  shut  off  1  day. 


c  Estimated. 


OLD  BESEBVATION   OANAL  NO.    1    IN    YAKIMA   INDIAN   RESERVATION,   WASH. 

This  canal  takes  water  from  Yakima  River,  on  its  right  bank,  in 
sec.  28,  T.  12  N.,  R.  19  E.  It  was  built  by  the  Govemment  from 
an  Indian  fund  derived  from  the  sale  of  the  Wenache  fishery  lands, 
which  formeriy  belonged  to  the  Indians. 
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DMkorge  meaauremenia  of  (Hd  Reaervation  canal  No.  1  in  Yakima  Indian  ReMrvaiion, 

Wash.,  in  190^. 


Date. 


May  9 

June  7 

June  27. . . 
July  22.... 
August  19. 


Hydrographer. 


G.  H.  Bliss 

do... 

do... 

J.  C.  Dry.. 
do... 


Width. 

Area  of 
section. 

Ftet. 
12 

12 

13 

12 

12 

Sq.feet. 
43 
49 
51 
44 
41 

Mean 
velocity. 


Ft.pereec. 
3.00 

3.10 
3.60 
2.91 
2.69 


Oage 
leignt. 


beigl 


Feet. 
2.83 
3.17 
3.29 
2.99 
2.83 


Dis- 
charge. 


Sec-feet. 

*  130 
152 
1^ 
127 
110 


Mean  daUy  gage  KeiglUt  in  feet,  of  Old  Reservation  canal  No.  1  in  Yakima  Indian  Reservation 

Wash.y  for  1904. 


Day. 

June. 

July. 

Aug. 

Day. 

June. 

July. 

Aug. 

3.08 
3.08 
3.08 
3.04 
3.00 
3.00 
2.92 
2.83 
2.83 
3.17 

Day. 

June. 

July. 

2.92 
2.96 
2.92 
2.21 
2.21 
2.25 
2.17 
2.17 
2.12 
2.08 

Aug. 

1 

3.37 
3.33 
3.33 
3.35 
3.33 
3.35 
3.35 
3.33 
3.33 
3.33 
3.33 

3.17 
3.25 
3.27 
3.25 
3.29 
3.17 
3.17 
3.17 
3.12 
3.08 
3.06 

12 

2.06 
2.06 
2.06 
2.00 
2.07 
2.06 
3.02 
3.02 
3.02 
3.02 

3.33 
3.33 
3.29 
3.29 
3.25 
3.25 
3.17 
3.21 
3.12 
3.00 

22 

3.*17 
3.17 
3.25 
3.25 
3.17 
3.33 
3.33 
3.33 
3.33 

3.17 

2 

13 

23 

3.17 

3 



14 

24 

3.17 

4 

16 

25 

3.17 

5 



16 

26 

3.17 

6 

17 

27 

3.17 

7 

3.17 
3.00 
3.00 
3.00 
3.02 

18 

28 

3.17 

8 

19 

29 

3.17 

9... 

20 

30 

3.17 

10 

21 

31 

3.17 

11 

Mean  daUy  discharge ,  in  secondrfeet,  of  Old  Reservation  canal  No.  1  in  Yakima  Indian  Reser- 

vationf  Wash.,  for  1904- 


Day. 

June. 

July. 

Aug. 

Day. 

June. 

112 
112 
112 
111 
112 
112 
138 
138 
138 
138 

July. 

Aug. 

I 

Day. 

June. 

July. 

Aug. 

1 

214 
200 
200 
205 
200 
205 
205 
200 
200 
200 
200 

152 
167 
170 
167 
170 
152 
152 
152 
145 
143 
143 

12 

200 
200 
170 
170 
167 
167 
152 
158 
145 
139 

143 
143 
143 
140 
139 
139 
133 
130 
130 
152 

22 

152       133 
152J    136 
167       133 
167       115 
149       115 
190       116 
190       114 
190       114 
190       t\3 

152 

2 

13 

23 

l.i2 

3 

14 

24 

132 

4 

15 

25 

lo2 

5 

16 

28 

l.'i2 

6 

17 

27 

28 

29 

152 

7 

152 
139 
139 
139 
138 

18 

LW 

8 

19 

l.Vi 

9 

'  20 

30 

l.'C 

10 

21 

31 

112 

152 

11 
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Eftunaied  monthly  digtharge^  of  Old  Reservation  earud  No.  1  in  Yakima  Indian  Reservationf 

Wash,,  for  1904. 

[Irrigated  area,  SJOOO  acres.] 


Month. 


April  16^30  ^ 
May 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


June 

July 

August 

September 

October  1-15  ^ 


190 
214 
170 


111 
112 
130 


The  period. 


214 


111 


feet. 

Total  in 
acre-feet. 

Mean. 

100 

2,976 

130 

7,993 

145 

8,628 

164 

10,080 

149 

9,162 

100 

5,950 

90 

2,678 

130 

47, 470 

Depth  of 

run-olT,  in 

inches  .over 

irrigated 


4.4% 
12.0 
12.9 
15.1 
13.7 
8.92 
4.01 


71.1 


a  Approximate.  ^  Estimated  April  15  to  June  6.  e  Estimated  September  1  to  October  15. 

GOVERNMENT  CANAL  NO.  3  NEAR  TOPPENISH,  WASH. 

This  canal  heads  in  Yakima  River  in  sec.  28,  T.  11  N.,  R.  20  E., 
near  Toppenish.  Like  the  Old  Reservation  canal,  it  was  built  from 
a  fund  derived  from  the  sale  of  the  Wenache  fisheries.  It  irrigates 
about  2,300  acres  in  the  Yakima  Indian  Reservation.  No  water  was 
ever  appropriated  for  it.     Its  average  flow  is  about  10  second-feet. 

SUNNT8IDE  OANAL  NEAR  TAKIMA,  WASH. 

This  canal,  which  is  owned  and  operated  by  the  Washington  Irri- 
gation Company,  takes  water  from  the  east  bank  of  Yakima  River, 
in  sec.  28,  T.  12  N.,  R.  19  E.,  nearly  opposite  the  intake  of  the  Old 
Reservation  canal  No.  1.  It  is  several  times  larger  than  any  other 
canal  in  the  Yakima  region,  the  maximum  flow  being  about  630 
second-feet.  Six  discharge  measurements  were  taken  at  the  head- 
works  during  the  summer.  Miscellaneous  measurements  and  gage 
readings  were  taken  at  eight  other  places  along  the  canal,  for  the  pur- 
pose of  obtaining  seepage  and  wastage  from  the  canal.  The  latter 
never  exceeded  2  per  cent,  and  very  little  of  this  amount  found  its  way 
directly  to  the  river.  On  Jime  10  a  seepage  experiment  was  made  upon 
a  stretch  of  the  canal  extending  from  the  headworks  to  Zillah,  a. dis- 
tance of  17  miles.  The  result  showed  a  seepage  loss  of  4.5  per  cent  in 
this  distance.  Previous  to  this  experiment  all  the  laterals  leading 
from  the  canal  were  closed  and  the  canal  allowed  to  regulate  itself 
for  twelve  hours.  The  measurements  at  the  beginning  and  end  of  the 
stretch  were  both  taken  by  the  same  meter,  and  all  chances  of  error 
eliminated.  The  section  experimented  upon  is  the  oldest  section 
of  the  canal,  excavated  in  very  fine  volcanic  soil.     There  has  also 
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been  deposited  from  time  to  time  a  fine  silt  of  a  clajdsh  nature,  which 
serves  to  make  the  banks  more  or  less  impervious  to  water.  The 
first  experiment  was  checked  upon  August  15,  by  a  similar  test  over 
the  same  section,  with  the  finding  of  a  loss  of  4  per  cent  due  to  seepage. 

It  is  interesting  to  compare  this  with  a  seepage  test  made  upon 
the  first  9  miles  of  the  Kennewick  canal  later,  where  the  loss  due  to 
seepage  was  found  to  be  26  per  cent.     (See  p.  138.) 

The  value  of  the  water  right  on  the  basis  of  a  duty  of  160  acres 
per  second-foot  is  $30  per  acre.  The  value  of  the  land,  with  the 
water  right  attached,  is  $60  to  $90  per  acre. 

Discharge  measttremente  ofSunnyside  canal  near  Yakima,  Wash.,  in  190^. 


Date. 


April  22. . . 
May  26... 
June  10... 

July  2 

August  15. 
August  16. 


Hydrograpber. 


G.  H.  Bliss. . 

do 

do 

G.  F.  Harley 
G.H.  Bliss.. 
do 


Area  of 
section. 


8q./ed. 
153 
184 
160 
202 
192 
206 


Mean 
velocity. 


Gam 
leisnt. 


helgl 


Ft.per9ee, 
3.05 
3.00 
3.04 
3.12  ' 
2.93  I 
3.09  ! 


Feei, 


2.54 

3.18 

2.79 

3.62 

3.33  , 

3.50 


Dte- 
diaigie. 


See.-feet. 

467 

553 

"487 

630 

"564 

'636 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 


a 4.5  per  cent  seepage  in  17  miles. 
64  per  cent  seepaee  in  17  miles. 
c  Integration  metnod  at  bridge. 

Mean  daUy  gage  height  j  in  feet ,  ofSunnyside  canal  near  Yakimaj  Wa^.,for  1904- 


Day. 


May. 


.1 


2.96 
2.96 
2.96 
2.96 
2.96 
3.04 
3.04 
3.04 
3.04 
2.00 
3.04 
3.01 
3.04 
3.04 
3.04 
3.10 
3.06 
3.10 
3.12 
3.12 
3.12 


3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.21 
2.79 
2.79 
3.12 
3.12 
3.06 
3.06 
3.14 
3.17 
3.19 
3.29 
3.29 
3.29 
3.33 


3.54 

3.62 

(«) 

(") 

(«) 

(«) 

(«) 

2.17 

2.65 
3.29 
3.33 
3.37 
3.41 
3.46 
3.46 
3.46 
3.46 
3.46 
3.46 
3.46 
3.46 


3.46 
3.46 
3.46 
3.46 
3.50 
3.54 
3.54 
3.54 
3.54 
3.54 
3.54 
3.54 
3.55 
3.56 
3.33 
3.58 
3.56 
3.56 
3.56 
3.56 
3.56 


Sept.  i    Oct. 


3.37 
3.37 
3.37 
3.37 
3.37 
3.35 
3.33 
3.29 
3.29 
3.29 
3.29 
3.25 
3.12 
3.08 
3.04 
2.79 
2.79 
2.79 
2.79 
2.79 
2.79 


2.58 
2.58 
2.58 
2.54 
2.52 
2.50 
2.50 
2.50 
2.50 
2.46 
2.33 
2.33 
2.33 
2.29 
2.29 


....... 


a  Water  shut  off. 
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Mean  daUy  gage  hei^,  in  feet,  ofSunnyside  canal  near  TaJnma,  Wash., 

for  7904— Continued. 

Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

22    

2.54 
2.79 
2.83 
2.83 
2.83 
2.83 
2.90 
2.92 
2.95 

3.12 
3.12 
3.12 
3.14 
3.18 
3.19 
3.25 
3.25 
3.25 
3.25 

3.35 
3.35 
3.42 
3.39 
3.54 
3.46 
3.46 
3.50 
3.54 

3.46 
3.46 
3.46 
3.46 
3.46 
3.46 
3.46 
3.46 
3.46 
3.46 

3.56 
3.56 
3.56 
3.56 
3.56 
3.56 
3.56 
3.53 
3.50 
3.44 

2.79 
2.79 
2.75 
2.71 
2.71 
2.71 
2.62 
2.62 
2.62 

23 

24 

25 

25 

27 

28 

29 

30 

31 

Mean  daUy  dUcKarge,  in  seeondfeei,  ofSunnyside  eamU  near  Yakima,  Waeh,,for  1904- 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 

513 
513 
513 
513 
513 
525 
525 
525 
525 
419 
525 
525 
525 
525 
525 
534 
531 
534 
537 
537 
537 
537 
637 
537 
540 
547 
548 
558 
558 
558 
568 

558 
558 
558 
558 

/  558 
558 
558 

552 
491 
491 
537 
537 
528 
528 
540 
.545 
548 
565 
565 
565 
572 
576 
576 
589 
583 
613 
507 
597 
605 
613 

613 
629 
0 
0 
0 
0 
0 
433 
475 
565 
572 
580 
587 
597 
597 
597 
597 
697 
697 
597 
597 
597 
597 
597 
597 
507 
597 
897 
597 
597 
597 

597 
597 
597 
597 
605 
613 
613 
613 
613 
613 
613 
613 
615 
617 
572 
621 
617 
617 
617 
617 
617 
617 
617 
617 
617 
617 
617 
617 
617 
605 
593 

580 
580 
580 
580 
-580 
576 
572 
565 
565 
565 
565 
558 
537 
531 
525 
491 
491 
491 
491 
491 
491 
491 
491 
486 
481 
481 

,  481 
472 
472 

,   472 

468 

2 

468 

3 

468 

4 

464 

5 

462 

6 

460 

7 

460 

8 

460 

9 

460 

10 

456 

11 

445 

12 ! 

445 

13 

445 

14 

442 

15 

442 

16 

17 

18 

.-..-.. 

19 

•••..... 

20 

21 

22 

464 
491 
496 
496 
496 
496 
505 
506 
512 

23 

24 V 

25 

as 

27 

28 

29 

30 .• 

31 

1 
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8TKEAM   MEA8UBEMENTS    IN   1904,  PART    XII. 


[NO.  135. 


Rating  table  for  Sunntfside  canal  near  Yakima,  Waek,,  from  April  ^  to  October  16, 190^. 


Gaffe 


Feet. 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 


Discbarge. 

Gase 
beigbt. 

Secondr/eet. 

Feet. 

419 

2.45 

423 

2.50 

427 

2.55 

431 

2.60 

435 

2.05 

439 

2.70 

443 

2.75 

447 

2.80 

451 

1 

2.85 

Diaebaige 


Second'/eet. 
455 
460 
465 
470 
475 
480 
486 
492 
498 


Gase 
beignt. 


Diacbarge. 


Feet.      8eeond-/eet. 


2.90 
2.95 
3.00 
3.05 
3.10 
3.15 
3.20 
3.25 
3.30 


505 
512 
519 
526 
534 
542 
550 
558 
567 


bdX     ^^^^ 


Feet,       Seamdrfeei. 


3.35 

3.40 

3.45 

3.50 

3.55 

3.60 

3.65    ; 

3.70 

3.75    I 


The  above  table  is  baaed  upon  6  discharge  measurements  made  during  1904. 
well  defined  between  gage  heights  2.50  feet  and  3.60  feet. 

Egtimaied  monthly  discharge  qfSunnyside  canal  near  Yakima,  Wash.,  for  190J^. 

[Irrigated  area,  35,000  acres.] 


576 
585 
595 
605 
615 
625 
636 
647 
658 

It  is  fairly 


Montb. 


April  16-30  « 

May 

June 

July* 

August... 
September. . . 
October  1-15. 


Diaebaige  in  aeoond-feet. 
Maximum. 


I 


The  period. 


512 
558 
613 
629 
617 
580 
468 

629 


Minimum.       Mean. 


I     Total  in 
acre-feet. 

I 


464 
419 
491 
433 
572 
472 
442 

419 


496 
529 
561 
585 
610 
524 
456 


14,760 
32,530 
33,380 
30,170 
37,510 
31,180 
13, 570 


547       193. 100 


Depth  of 

nm-off  in 

inchea,  over 

Irrigated 

area. 


5.06 
11.2 
11.5 
10.3 
12.9 
10.7 

4.65 

66.3 


<i  Kstimated  April  lH-21. 


(>  Water  nhut  off  5  days. 


OILBEBT  CANAL  NEAR  T0PPENI8II,  WASH. 

This  canal  heads  in  a  slough  from  Yakima  River  in  sec.  19,  T.  1 1  X.. 
R.  20  E.,  in  the  Yakima  Indian  Reservation.  It  was  built  by  an 
association  of  men  who  lease  lands  from  the  Indians.  At  the  expira- 
tion of  the  lease  the  canal  belongs  to  the  land  through  which  it  runs. 
A  large  part,  probably  50  per  cent,  of  the  water  taken  into  the  canal 
i.s  wasted  into  sloughs  which  drain  into  the  river.  No  appropriation 
of  water  has  been  made  and  no  water  right  acquired. 
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Discharge  meagurementB  ofOiXberi  canfd  near  Tappeniak,  Wash,,  in  1904. 


Date. 

Hydrographer. 

Width. 

Ana  of 
section. 

Mean 
velocity. 

Oage 
height. 

Dls- 
charge. 

JniM^  9  <» 

.   G.F.Harlej 
do.... 

r 

Feet. 
44 
7 
6 

1 
Sq.feet.  \ 
23      - 
7.6 
2.9 

Ft.  per  sec. 
2.30 
1.62 
.86 

Feel. 
1.60 
1.04 
.40 

8ee.-/eet. 
53 

Septfomber  6  ^. . 

12.3 

September  6  <:.. 

do 

2.6 

a  wan  InwDBlt.                              fr  East  braaob.                              c  West  branch. 

■ 

MeandttUfffOffe  M^,  in/sety  afOHhtri  eawd  {east  hraneh)  near  Toppenish,  Wash.  Jar  190^. 

Day. 

June,  a 

July. 

Aug. 

Sept. 

Day. 

June,  a 

1 
1 

July. 

Aug. 

1.67 

1.42 

1.68 

1.58 

1.42 

1.17 

1.08 

1.00 

1.17 

1.00 

.96 

.92 

.92 

1.26 

Sept. 

1 

1.79        1.75 
1.75  .      1.76 
1.75         1.75 
1.75        1.42 
1.75  i      1.42 
1.79  1      1.54 
1.79         1.67 

1.42 
1.42 
1.87 
1.37 
1.33 
1.33 
1.33 
1.60 
1.60 
1.76 
1.71 
1.42 
1.33 
1.42 
1.42 
1.60 

1.26  ' 

17 

1.83 
i      1.83 
1.79 
1.79 
1.83 
1.87 
1.92 
1.67 
1.67 
1.67 
1.67 
1.67 
1.75 

1.33 
1.29 
1.29 
1.33 
1.60 
1.60 
1.67 
1.60 
1.60 
1.67 
1.76 
1.76 
l.ft7 

2 

1.17 

;  18 

3 

1.06 
1.06 
1.06  I 
1.04 

19 

4 

20 

5 

21 

6 

22 

7 

23 

8 

1.67 
1.62 
1.68 
1.58 
1.58 
1.68 
1.62 
1.67 
1.79 

1.42 
1.25 
1.26 
1.25 
1.33 
1.33 
1.37 
1.37 
1.33 

24 

9 

26 

10 

26 

11 

27 

12 

28 

13 

29 

14 

30 

1.76         1.67 

15 

81 

1.58 

Ifi 

1 

(■June  1  to  23,  gage  above  the  forks. 


b  Water  shut  oil. 


Mean  daUy  discharge ,  in  seeandrfeet,  of  OHhert  canal  (east  branch)  near  Toppenish,  Wash., 

for  1904. 


Day. 

June. 

July. 

35 
36 
35 
20 
20 
23 
30 
20 
15 
15 
15 
17 
17 
18 
18 
17 

Aug. 

Sept. 

Day. 

June. 

July. 

Aug.      Sept. 

1 

58 
57 
57 
57 
57 
58 
58 
55 
53 
51 
51 
51 
51 
53 
56 
58 

20 
20 
18 
18 
17 
17 
17 
22 
22 
35 
32 
20 
17 
20 
20 
22 

15 

14 
13 
13 
12 
12 

17 

18 

60 
60 
58 
58 
60 
62 
65 
30 
30 
30 
30 
30 
35 
35 

17 
16 
16 
17 
22 
22 
30 
22 
22 
30 
35 
35 
30 

:« 

25 

1 
30       

2 

20      ' 

3 

19 

26 

4 

20 

25 
20 
14 
13 
12 
14 
12 
11 
11 
11 

5 

21 

6 

22 

7 

23 

8 

24 

9 

25 

26 

27 

28 

29 

30 

31 

10 

11 

12 

13 , 

14 

'*      1 

15      1 

16 

***      1 

0 

16 
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[NO.  185. 


Mean  daily  gage  height ,  in  feet,  ofOHbert  cancH  {west  hranck)  near  Toppenishf  Wash.,  far  1904. 


Day. 

June,  a 

July. 

Aug. 

1 

Sept. 

Day. 

June,  a 

July. 

Aug. 

Sept. 

1 

1.33 
1.33 
1.33 
1.17 
1.17 
1.60 
1.42 
1.25 
1.17 
1.17 
1.17 
1.25 
1.25 
1.25 
1.25 
1.17 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

.92 

.83 

.92 

.92 

1.00 

0.58 
.50 
.54 

.50  ' 
.45 
.40  , 

.•.■••••1 

1 

17 

1.17 
1.06 
1.17 
1.17 
1.00 
1.00 
1.08 
1.00 
1.00 
1.00 
1.06 
1.17 
■1.17 
1.06 
1.00 

1.00   

2 

18 

.92    

1 
3 

19 

1.00   

4 

20 

1.00  ' 

5 

21 

.92' 

6 

22 

.  va>     ......... 

.67    

7 

23 

.58    

8 

24 

1.33 
1.33 
1.33 
1.33 
1.33 
1.37 
1.33 

.54    

9 

25 

.58  1 

10 

26 

^^  1 

.50    

11 

27 

.50    

12 

28 

.50    

13 

29 

.50    

14 

30 

.58    

15 

31 

(«») 

16 

a  June  1  to  23,  gage  above  the  forks. 


h  Water  shut  off. 


Mean  daUy  discharge,  in  second-feet,  ofGUhert  canal  {toest  branch)  near  Toppenish,  Wash., 

for  1904. 


Day. 

June. 

July. 

35 
35 
35 
25 
25 
47 
41 
30 
25 
25 
25 
30 
30 
30 
30 
25 

Aug. 

12 
.2 
12 
12 
12 
12 
12 
12 
12 
12 
12 
9 

7 

9 

9 

12 

Sept. 

4 

3 

3.5 
3.0 
2.6  1 
2.5 









1 

1 

Day. 

1 
June.  ^ 

July. 

25 
19 
25 
25 

12 

12 

19 

12 

12 

12 

19  1 

25 

25' 

19  1 

12 

1 

Aug. 

Sept. 

I 

17 

12   

2 

1  18 

9   

3 

1  19 

12    

4 

20 

12    

5 

21 

9    

6 

22 

5I 

7 

23 

4  I -- 

8 

1 

1  24 

35 
35 
35 
35 
35 
36 
35 

4 
4 

9 

1 

1  25 

10 

1 

26 

27 

28 

3   

11 

3   

12 

3   

13 

29 

3    

14 

30 

4! 

15 

31 

0   

16 
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Estimated  monJOdy  discharge  «  ofOUbert  earud  near  Toppenish,  Wash.,  for  1904- 

[Irrigated  area,  3,000  acres.] 


Month. 


April  16-30^ 

May 

June 

July 

August^ 

September'  . 
October  1-15. 


The  period. 


DischaiK®  In  seoond-feet. 


Maximum.  '  Minimum. 


71 
71 
47 
19 


71 


51 
34 
14 
15 


14 


Total  In 


Depth  of 
run-off  in 


Mean. 

25.0 
40.0 
58.9  I 
47.9 
28.6  i 
17.0  [ 
10.0 


acre-reel.       irrigated 
area. 


35.1 


744 
2,460 
3,5(X5 
2,945 
1,702 
1,012 

298 


12, 670 


2.98 
9.84 
14.0 
11.8 
6.81 
4.05 
1.19 


50.7 


a  Approximate. 

k  Estimated  April  16  to  May  31. 


<•  Water  shut  off  one  day. 

rf  Estimated  September  7to  October  15. 


HATCH  CANAL   NEAR  TOPPENISH,   WASH. 

This  canal  is  also  called  the  Alfalfa  Siding  canal.  It  heads  in  a 
slough  from  Yakima  River  on  its  right  bank  near  Toppenish  in  sec.  30, 
T.  10  N.,  R.  21  E.  The  status  of  this  canal  as  regards  ownership  and 
water  rights  is  the  same  as  that  of  the  Gilbert  canal  above.  No 
gaging  station  was  maintained  on  it.  Two  discharge  measurements 
were  taken  with  the  following  results : 

Discharge  measurements  of  Hatch  canal  near  Toppenish,  Wash.,  in  1904* 


Date. 


June  9. 


Hydrographer. 


width. 


Feet. 


G.  F.  Hariey 


September  6 do 


6 
6 


Area  of 
section. 


5^.  feet. 
6.1 
4.0 


Mean 
velocity. 


Ft.  per  sec. 
2.10 
1.00 


Discharge. 

Second-feet. 
12.8 
4.0 


FROSSER  FALLS   IRRIGATION   COMPANY'S   POWER   CANAL  AT  PROSSBR,   WASH. 

This  company  pumps  water  from  Yakima  River  at  Prosser,  to  be 
used  for  domestic  purposes  and  irrigation.  The  water  is  carried  to 
the  wheels  of  the  pumps  by  a  flume  12  feet  wide  and  a  mean  depth 
of  water  of  about  6  feet,  carrying  on  an  average  205  second-feet  of 
water  when  both  pumps  are  running.  Most  of  this  amount  of  water 
is  only  used  for  the  power  purposes,  however,  and  is  spilled  directly 
back  into  the  river  and  is  immediately  available  for  irrigation  lower 
down  the  valley. 

The  pumping  plant  consists  of  two  Smith-Vaile  pumps,  of  two 
cylinders  each,  of  inside  diameter  of  25  inches  and  length  of  stroke 
of  24  inches.     Diameter  of  wheel,  52  inches. 
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The  average  amount  of  water  pumped  is  about  15  second-feet,  or 
only  about  7  per  cent  of  the  amount  passing  through  the  flume. 

Discharge  measurements  ofProsser  FatU  Irrigation  Company* a  power  canal  at  Prosaer,  WnA., 

in  1904^ 


Date. 


Hydrographer. 


May  30 ]  Q.  F.  Harley 

July  26 do 

August  11 do 

September  10 do 

September  17..  '  G.  H.  Bliss .. 


Width. 

Feet. 
12 


Area  of 
sectioa. 


Sq.feet. 
108 


12 

71 

12 

55 

12 

49 

12 

61 

Mean  Gace 

▼eiodty.  I   hei^t. 


Pt.  pet  tec. 
1.93 
2.94 
4.03 
3.96 


Feet. 
22.  U 

19.05 
17.65 
17.20 


2.85  '     18.25 


Die- 
diarge. 


See.'/eet. 
210 
209 
222 
194 
175 


a  Change  in  velocitiee  due  to  change  in  stage  of  river. 

Mean  daUy  discharge^  in  afamd-feetf  of  Prosaer  FaBs  Irrigation  Company's  power  canal  at 

Prosser,  Wash.,  for  190^. 


Day. 

May. 

June. 

July. 

Aug. 

1 
Sept.   Oct. 

1 

210 
0 
0 
210 
210 
210 
210 
210 
210 
210 
210 
210 
210 
210 
210 
210 
210 
216 
216 
216 
216 
216 
216 
216 
220 
22U 
221) 
220 
220 
220 

216 
216 
216 
216 
216 
216 
216 
216 
216 
216 
212 
212 
212 
212 
212 
212 
210 
210 
210 
210 
210 
210 
209 
209 
209 
209 
209 
209 
204 
204 
204 

205 
209 
200 
200 
200 
200 
200 
212 
212 
212 
212 
212 
212 
212 
210 
210 
200 
200 
200 
194 
194 
194 
194 
194 
194 
194 
194 
194 
194 
194 
194 

194     309 

2 

194  j    209 

3 

194     209 

4 

194  '    209 

5 • 

. 

194     200 

6 

194     209 

7 

194     200 

8 

194  '    209 

9 

194     209 

10 

194     209 

11 

194  

12 

194 
194 
194 
194 
194 
194 
194 
194 
194 
194 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

194  

23 

194  

24 

194  

25 

194  

26 

194  

27 

194  

28 

200  

29 

200  

3D 

210 
210 

200  

31 

1 

ROm,  WHISTLER, 
AND  NOBLK. 
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Estimated  matMy  du^arge  of  Ptobht  Fails  IrrigaJtum  Company^a  power  canal  at  Prosser, 

Wash.,  for  1904. 


Discharge  in  aecond-feet. 


Month. 


Maximum. 


April  16-30. 

May 

June 


July 

August 

September 

October  1-16. 


The  period. 


220 
216 
212 
200 
209 

220 


Minimum. 


210 
204 
194 
194 
209 


194 


Mean. 


190 
210 
214 
212 
201 
195 
209 

205 


Total  in 
acre-feet. 


5,653 
12, 910 
12,730 
13,040 
12,360 
11,600 

6,218 

74, 510 


Mean  daUy  dMuxrge,*^  in  secondrfeet,  of  Prosser  Falls  Irrigation  Company*s  irrigating  canal 

at  Prosser,  Wash.,  for  190J^ 


10. 

n. 

12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
2K. 
2d. 
30. 
31. 


Day. 


14.5 
14.5 


14. 
(ft) 

(ft) 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
16. 
16. 
16. 
16. 
16. 
16. 


July. 

15.8 
15.8 
15.8 
15.8 
15.8 
15.8 
15.8 
15.8 
15.8 
16.8 
15.8 
15.8 
15.8 
15.8 
15.4 
15.4 
15.4 
15.4 
15.4 
15.4 
15.4 
15.4 
15.4 
15.4 
15.4 
15.4 
15.4 
15.4 
15.4 
15.4 
15.4 


Aug.   ,  Sept.       Oct. 


14. 
14. 
13. 
13. 
13. 
13. 
.13. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 
14. 


5 

5  ' 
5  1 
5  . 
5 
5 
5 
5 

5  , 
5 
5 
5 


14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 


14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
14.9 
13.5 
13.5 


a  Computad  from  rBTolutions  of  the  pumpt. 


ft  Pumps  not  nmning. 
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Estimated  monthly  disduirge^  of  Ftobht  FaUs  Irrigation  Com'pany'8  irrigating  eanal  at 

Prosser,  Wash.,  for  190^. 

[Irrigated  area,  1,200  acres.] 


Month. 


April  1(^30. 
May 


June'' 

July 

August 

September. . . 
October  1-16. 


Discharge  in  second-feet. 


Maximum. 


16.3 
15.8 
14.9 
14.9 


The  period. 


16.3 


Minimum. 


14.7 
15.4 
13.5 
14.9 


13.5 


Mean. 

14.5 
14.5 
15.1 
15.6 
14.4 
14.9 
14.6 

14.8 


Total  in 
acre-feet. 


431 
892 
896 
959 
885 
887 
434 


5,386 


Depth  of 

run-off  in 

inches,  over 

irrigated 


4.31 
S.92 
8.98 
9.59 
8.85 
8.87 
4.34 

53.9 


« Included  in  discharge  of  Power  canal. 


^  Water  shut  off  two  days. 


LEDBBTTBR  CANAL  NEAR  PBOSflEB,  WASH. 

This  canal  heads  mto  Yakima  River,  above  the  falls'  at  Prosser, 
just  opposite  the  intake  of  the  Prosser  Falls  Irrigation  Company's 
flume.  The  canal  has  never  been  completed,  and  that  part  of  it 
which  had  already  been  constructed  has  been  allowed  to  fall  into  a 
dilapidated  condition. 

The  proposed  canal  contemplated  the  irrigation  of  about  125,000 
acres  of  land  lying  north  and  east  of  the  Rattlesnake  Range  in  the 
Columbia  Valley  and  25,000  acres  additional  lying  upon  the  right 
bank  of  Yakima  River  above  that  covered  by  the  Kennewick  canal. 

During  the  season  of  1904  there  were  3  or  4  miles  in  use  by  farmers 
who  maintained  it  for  the  benefits  derived,  and  a  total  acreage 
covered  of  about  360  acres. 

No  measurements  were  taken  upon  the  canal. 

KIONA  CANAL  NEAR  KIONA,  WASH. 

This  canal  heads  in  the  left  bank  of  Yakima  River  about  4  miles 
west  of  Kiona  in  sec.  10,  T.  9  N.,  R.  26  E.  The  canal  is  controlled 
by  the  Northern  Pacific  Irrigation  Company.  On  account  of  the 
shifting  of  the  channel  at  the  gaging  station  the  estimates  of  discharge 
of  this  canal  are  only  approximate.  Less  than  5  per  cent  of  the 
water  taken  in  at  the  head-gates  was  wasted  directly  into  the  river. 


ROflS,  WHISTLER 
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DMiarge  measuremerUa  ofKiona  canal  near  Kwnay  TTcwA.,  in  190J^. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Dis- 
charge. 

April  14 

June  3 

G.  H.  Bliss 

Feet, 
8 
8 

8q.feet. 

7.4 

14.2 

Ft.per  tec. 
1.37 

Feet. 
1.10 

Sec.  feet. 
10.2 

G.  F.  Harley 

do 

1. 41         2.  56 

20.1 

Septembers 

8  1       13.  J> 

1.11         2.60  <         15.0 

Mean  daUy  ga^  heightf  in  feet,  ofKiona  canal  near  Kiona,  WasK.jfor  190^. 


Day. 


1 

2 

3 

4 

5 

fi 

7 

2.82 

8 

2.62 

9 

2.54 

10 

2.fi0 

11 

2.48 

12 

2.37 

13 

2.33 

14 

2.50 

15 

2.50 

16 

2.50 

Jaly. 


2.52 
2.58 
2.67 

(•) 

2.67 

2.64 

2.64 

2.64 

2.62 

2.62 

2.62 

2.60 

2.58 

2.58 

2.54 

2.54 


Aug. 

Sept. 

2.58 

2.67 

2.67 

2.67 

2.58 

2.67 

2.50 

2.67 

2.44 

2.67 

2.42 

2.67 

2.42 

2.67 

2.44 

2.67 

2.46 

2.67 

2.30 

2.67 

2.39 

2.67 

2.33 

2.71 

2.33 

2.71 

2.33 

2.71 

2.54 

2.71 

2.54 

2.71 

Oct. 


2.67 

2.75 

2.83 

2.71 

2.71  ' 

2.71  ' 

2.71  j 

2.71  ' 

2.71 

2.71 

2.71 

2.71  I 

2.71 

2.71 

2.71 

2.71 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


July. 

Aug. 

2.42 

2.54 

2.33 

2.50 

2.50 

2.46 

2.50 

2.46 

2.50 

2.46 

2.46 

2.50 

2.42 

2.54 

2.33 

2.62 

2.50 

2.67 

2.58 

2.67 

2.62 

2.67 

2.62 

2.67 

2.54 

2.67 

2.56 

2.67 

2.56 

2.67 

Sept. 


2.71 
2.71 
2.71 
2.71 
2.71 
2.75 
2.79 
2.67 
2.67 
2.67 
2.67 
2.67 
2.67 
2.67 


Oct. 


•  Water  shut  off. 


Mean  daUy  discharge ,  in  second-feet,  ofKiona  canal  near  Kiona,  Wash. ,  for  190J^. 


Day. 

June. 

1 

2 

3 

4 

5 

6 

7.... 

23 

8 

23 

9 

20 

10 

20 

11 

10 

12 

18 

13 

17 

14 

20 

15 

20 

16 

20 

20 
21 
24 
0 
24 
24 
24 
24 
23 
23 
23 
22 
21 
21 
20 
20 


Aug. 

21 
24 

21 
20 
18 
18 
18 
18 
19 

r 

\'i 
1' 

r 
11 

20 
20 


Sept. 


Oct. 


19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
21 
21 
21 
21 
21 


19 
23 
25 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21  ! 


Day. 


21 
21 


I 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
20. 
30. 
31. 


June. 


20 

20 

20 

21  I 

23 

22 

21 

21 

21 

20 

18 

20 

20 

20 


July. 

1 
Aug.  ' 

18 

1 
1 
20 

17 

20 

20 

19 

20 

19 

20 

19 

19 

20 

18 

20 

17 

16 

20 

19 

21 

19 

23 

19 

23 

19 

20 

19 

21 

10 

21 

19 

21 
21 
21 
21 
21 
23 
24 
19 
19 
19 
19 
19 
19 
19 


Oct. 
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[NO.  135. 


Estimated  monthly  discharge  ofKixma  canal  near  Kiona^  W ask.  ^  for  1904- 

[Irrigated  area,  800  acres.] 


Month. 


April  16-30  " 
May 


June 

July'' 

August 

September. . . 
October  1-15. 


Discharge  in  souond-feet. 


Maximum.     Minimum. 


The  period. 


17 
17 
17 
19 
19 

17 


Mean. 

17.0 
20.0 
20.0 
21.1 
19.0 
20.3 
21.3 

19.9 


I     Total  in 
acre-feet. 


506 
1,230 
1,190 
1,256 
1,168 
1,208 

634 


Depth  of 

run-off  in 

inches,  over 

irrigated 


7.59 
18.4 
17.8 
18.8 
17.5 
18.1 

9.51 


7, 192  107. 7 


»  Estimated  April  15  to  June  6th. 


h  Water  shut  off  one  day. 


KIONA   WATER   SUPPLY   OOICPANT^B  CANAL  NEAR   KIONA,  WASH. 

This  canal  heads  in  the  left  bank  of  Yakima  River,  just  above 
Kiona.  It  is  owned  by  a  stock  company  of  150  shares.  It  is  a 
power  canal  used  to  turn  small  irrigating  wheels.  Nearly  all  the 
water  taken  in  at  the  head  is  returned  to  the  river.  The  discharge 
as  measured  June  6  was  18.5  second-feet. 

KENNEWIOK  CANAL  NEAR  KENNBWICK,  WASH. 

This  canal  is  owned  and  operated  by  the  Northern  Pacific  Irriga- 
tion Company.  Next  to  the  Sunnyside  it  is  the  largest  irrigation 
canal  in  the  Yakima  Valley.  It  takes  water  from  the  Yakima 
River  on  its  right  bank  just  above  Horn  Rapids,  about  11  miles 
north  of  Kiona,  in  sec.  3,  T.  10  N.,  R.  27  E.  Besides  two  measure- 
ments taken  at  the  head-gates,  various  other  points  along  the  canal 
were  measured  in  order  to  determine  the  amount  of  water  wasted 
and  the  loss  due  to  seepage.  The  water  wasted  directly  into  the 
river  was  found  to  be  about  15  per  cent  of  the  discharge  at  the  intake, 
of  which  about  10  per  cent  was  spilled  into  Columbia  River. 

Careful  measurements  taken  September  9  at  two  points  8 
miles  apart  near  the  upper  end  of  the  canal  showed  a  seepage  of 
26  per  cent  in  this  distance.  All  the  laterals  a^ong  this  stretch  had 
been  tightly  closed  and  the  canal  allowed  to  regulate  itself  before 
the  measurements  were  made.  Over  the  stretch  tested  the  canal 
is  excavated  in  sand  and  gravel  for  almost  the  entire  distance,  di£Per- 
ing  in  this  respect  from  the  Sunnyside  canal.  The  Kennewick  canal 
is  also  of  more  recent  construction. 


A>'f>  NOBLR 
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Diaduarge  metuurtmenU  o/Kennewide  eaiud  near  Kennewiekf  Wash.,  in  190^ 


Date 


Hydrogmpher. 


June4 G.  F.  Harley 

September  9  do 

September  9" do 


Area  of 


Sq.feet. 


58 
75 

28 


Mean 
velocity. 

OaM 
helgbt. 

Bia- 
charge. 

Ft.  per  tec. 

FeH. 

See.'ftet. 

1.65 

2.71 

96 

1.64 

3.20 

123 

3.25 

*2.10 

91 

a  Seepage  test^  flame  No.  1. 


b  Gage  in  flume. 


Mean  daUy  gage  height,  in  feet,  o/Kennewick  canal  near  Kennewiek,  Wash.,  for  190^. 


Day. 


Apr. 


1 

1                 1 
2 1 

3 ' 

w. ..........^ 

4 \ 

5 

6 

7 

8 

1.00  ' 

9 

1.33 

10 

1.50 

11 

2.17' 

12 

2.17 
2.17 
2.17 
2.17 
2.17 
2.17 
2.17 

13 

U 

15 

16 

17 

18 

19 

2.17 

20 

2.17 
2.21 
2.21 

21 

22 

23 

2.21  ' 

24 

2.21 
2.17 

25 

28 

.83 

27 

1.00  1 

28 

2.50 
2.50 
2.50 

20 

30 

31 

1 

2.38 
2.38 
2.38 
2.38 
2.38 
2.38 
2.38 
2.38 
2.38 
2.46 
2.46 
2.46 
2.50 
2.50 
2.58 
2.67 
2.67 
2.67 
2.67 
2.67 
2.67 
2.67 
2.67 
2.67 
2.75 
2.76 
.2.75 
2.76 
2.75 
2.75 
2.75 


June. 

July. 

2.75 

3.1 

2.75 

3.1 

2.75 

3.1 

2.76 

3.1 

2.75 

3.1 

2.75 

3.1 

2.79 

3.1 

2.79 

3.1 

2.87 

3.1 

2.02 

2.25 

2.25 

2.25 

2.50 

2.42 

3.0 

3.0- 

3.0 

3.0 

3.1 

2.8 

2.8 

3.0 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 


3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.0 

2.0 

2.9 

2.86 

3.00 

2.95 

2.80 

2.75 

2.76 

2.60 

2.70 

2.90 

3.00 


Aug. 


3.2 

3.2 

3.1 

3.3 

3.3 

3.3 

3.25 

3.36 

3.2 

3.4 

3.4 

2.9 

3.3 

3.4 

3.4 

3.4 

3.4 

3.4 

3.0 

3.15 

3.15 

3.4 

3.4 

3.4 

3.3 

3.3 

3.25 

3.2 

3.3 

3.3 

3.2 


Sept.  I    Oct. 


3.3 

3.3 

3.3 

3.3 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.2 

3.1 

3.3 

3.1 

3.2 

3.1 

3.2 

3.1 

3.2 

3.1 

3.2 

3.1 

3.2 

3.1 

3.2 

3.1 

3.3 

3.1 

3.2 

3.1 

3.2 

3.1 

3.2 

3.1 

3.3 

(•) 

3.3 

(«) 

3.3 

3.0 

3.3 

3.0 

3.3 

3.1 

3.35 

3.0 

3.25 

2.9 

3.26 

2.9 

3.26 

3.0 

3.35 

3.0 

3.3 

2.9 

3.3 

2.9 

2.9 


a  Water  abut  off. 
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{■0.135. 


Mean  daUy  discharge^  in  secondrfeet,  ofKenneunck  canal  near  Kennewick,  Wmik.yfor  190^. 


Day. 


Apr. 


1 

2 

3 

4 

5 

6 

7 

8 

10 

9 

18 

10 

20 

11 

59 

12 

50 

13 

59 

14 

50 

15 

50 

16 

59 

17 

50 

18 

50 

19 : 

50 

20 

50 

21 

48 

22 

48 

23 

48 

24 

48 

25 

50 

26 

8 

27 

10 

28 

80 

29 

80 

30 

80 

31 

73 
73 
73 
73 
73 
73 
73 
73 
73 
77 
77 
77 
80 
80 
87 
92 
92 
92 
92 
92 
92 
92 
92 
92 
98 
98 
98 
98 
98 
98 
98 


June. 

98 

98 

96 

98 

98 

98| 

102  I 

102 

106 

110 

63 

63 

63 

80 

•   75 

116 

116 

116 

116 

123 

102 

102 

116 

123 

123 

123 

123 

123 

123 

123 


July. 


123 
123 
123 
123 
123 
123 
123 
123 
123 
123 
123 
123 
123 
123 
123 
123 
123 
123 
116 
110 
110 
105 
116 
112 
102 
98 
98 
116 
94 
110 
116 


Aug.      Sept.       Oct. 


125 

127 

125 

125 

125 

125 

123 

125 

125 

127 

125 

125 

127 

125 

125 

127 

125 

125 

126 

125 

123 

128 

125 

123 

125 

125 

123 

129 

126 

123 

129 

223 

123 

110 

125 

123 

127 

125 

123 

129 

125 

123 

129 

125 

123 

129 

125 

123 

129 

125 

123 

129 

125 

123 

116 

125 

0 

124 

125 

0 

124 

125 

116 

120 

125 

116 

129 

125 

123 

129 

126 

116 

127 

126 

110 

127 

126 

110 

128 

126 

116 

125 

126 

116 

127 

125 

110 

127 

125 

110 

125 

110 

Estimated  monthly  discharge  ofKenneunck  canal  near  Ken/newijck,  Wash.  ^  for  190j^ 

[Irrigated  area,  6,000  acres.] 


Month. 


April  16-30 

May 

June 

July 

August 

Septeml)er 

October  1-15 

The  period 


Discharge  in  seoond-feet. 

Total  in 
acre-feet. 

Depth  of 
runH>fl  in 

Maximum. 

Minimum. 

Mean. 
53.6 

Inches,  ovrr 

irrigated 

area. 

59 

8 

1,595 

3.19 

98 

73 

85.5 

5,257 

10.5 

123 

63 

101 

6,010 

12.0 

123 

94 

117 

7,194 

14.4 

129 

110 

126 

7,747 

15.5 

127 

125 

126 

7,498 

15.0 

125 
129 

123 

124 

3,690 
38,990 

7.38 

8 

107 

78.0 

BOflS,  WHIBTLKR 
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GKOSaOUP'B  CANAL  NBAB  DONA,  WASH. 

This  canal  is  sometimes  called  the  Lower  Yakima  canal.  It  heads 
into  Yakima  River  upon  its  left  bank,  at  Horn  Rapids  directly 
opposite  the  intake  of  the  Kennewick  canal.  The  same  diversion 
weir  is  used  for  both  canals,  as  is  also  the  same  water  appropriation. 

During  the  season  of  1904, 5i  miles  were  constructed,  but  no  water 
used  for  irrigation  purposes.  The  canal  as  constructed  is  owned 
and  operated  by  Mr.  Orosscup.  The  Northern  Pacific  Irrigation 
Company,  of  whom  the  right  of  way  was  secured,  reserve  the  right 
to  extend  ibe  canal  at  any  time  and  to  supply  the  present  owner 
with  what  water  he  needs. 

SmOLAIR  AND  €X>BB  OANAL  NSAB  'NOBTH  TAKIMA,  WABH. 

There  are  no  canals  of  any  consequence  taking  water  from  Tieton 
River.  A  small  irrigating  canal  heads  in  Tieton  River  on  its  left 
bank,  about  3  miles  above  its  mouth.  It  is  owned  and  operated 
by  Sinclair  and  Cobb,  and  carries  about  5  second-feet  of  water. 
The  total  discharge  of  Tieton  River  therefore  flows  practically 
unused  into  Naches  River. 


BSLAH  YALLBT  CANAL  NKAB  NOBTH  TAKDCA,  WAfiH. 

The  only  important  canal  taking  water  from  Naches  River  above 
the  mouth  of  the  Tieton  is  the  Selah  Valley  canal.  There  are  a 
few  canals  above  the  Selah  Valley,  but  they  are  small  private  ditches, 
and  their  combined  flow  would  probably  not  exceed  15  second-feet. 

The  Selah  Valley  canal  heads  in  Naches  River  on  its  left  bank 
about  1  mile  above  the  mouth  of  the  Tieton  in  sec.  35,  T.  15  N., 
R.  16  E.  With  the  exception  of  the  Power  canal  it  is  the  largest 
canal  taking  water  from  the  Naches.  The  canal  ends  in  the  sandy 
prairie  some  distance  from  the  river.  The  wasteways  are  for  emer- 
gencies only.     Very  little  water  is  wasted  directly  into  the  river. 

Disdutrge  fneasurementa  ofSdah  VaUey  camd  near  North  Yakima f  Wtuh.f  in  1904. 


Date. 


Hydit^rapher. 


April27 G.  F.Harley 

June  8 do 

July  9 do 

July9 do 

July9 do 

July  15 do 

August  12 do 


width. 

Feet. 
14 
13 
15 
16 
17 
17 
7 


I 

'   Area  of 
section. 


Mean      > 
velocity.    >   heigl 


Oaffe 
teignt. 


Sq.feet. 
14.0 

12.6 
18.9 
24.7 
31.3 
36.7 
17.5 


Ft.  per  tec. 
1.60 
1.44 
1.66 
1.91 
2.14 
2.30 
3.17 


Feet. 
2.05 
1.94 
2.36 
2.76 
3.17 
3.48 


Dis- 
chaiige. 


Sec-feet. 
72.  A 

18.2 

31.6 

47.6 

66.9 

84.4 
"54.4 


u «'  Twin  Flume  "  5  miles  below  the  bead-gates. 
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[TO.  isv. 


Mean  daUy  gage  height ,  infeei,  qfSdah  Valley  canal  near  North  Yakima,  Wath,,far  190^. 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 

3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.42 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.42 
3.42 
3.42 
3.50 
3.50 
3.50 
3.50 
3.50 

3.60 
3.50 
3.50 
3.50 
2.00 
2.00 
2.00 
2.00 
2.50 
2.67 
2.67 
2.83 
3.17 
3.50 
3.50 
3.33 
3.25 
3.42 
3.42 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 

3.42 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.58 
3.58 
3.58 
3.50 
3.42 
3.58 
3.58 
3.58 
3.58 
3.58 
3.58 
3.58 
3.58 
3.58 
3.58 
3.58 

3.54 
3.54 
3.54 
3.54 
3.54 
3.64 
3.54 
3.54 
3.54 
3.54 
3.54 
3.54 
3.54 
3.54 
3.54 
3.54 
3.50 
3.50 
3.50 
3.33 
3.33 
3.33 
3.33 
.1.33 

3.00 

2 

3.00 

3 

3.00 

4 '. 

3.00 

5 

3.00 

6 

3.  OB 

7 

3.00 

8 ; 

3.00 

9 

3.00 

10 

3.00 

11 : 

3.00 

12 

3.00 

13 

3.00 

14 

3.00 

15 

3. 00 

16 

17 

18 

19 

30 : 

21 

22 

23 , 

24 

0.50 
050 
2.33 
2.92 
3.17 
3.33 
3.17 
3.17 
3.33 
3.42 
3.42 
3.42 
3.50 

r 

26 

3.58        3.33 
3.54        3.25 
3.54        3.17 
3.54  '      3.00 
3.54  ,      3.00 
3.64        3.aD 



26 

1 

1 

27 

28 

29 

1***"**** 

30 : 

t 

31 

3.54 

r 

1 

Mean  daUy  diecharge^  in  second-feet^  of  Sdah  VaUey  canal  near  NoHh  Yakima^  Wash.,  for 

J904, 


Day. 

May. 

1 

2 

3 

4 

June.     July. 


6. 


9. 
10. 
11. 
12. 
K{. 
14. 
15. 
16. 


84 
84 
84 

84| 

84| 

84 

84 

84 

I 
H4 

M 

84 

84 

K4 

79 

84 

84  I 


84 
84 
84 
84 
20 
20 
2D 
20 
37 
43 
43 
52 
79 
84 
84 
77 


Aug. 


Sept. 


Oct, 


79 

84 

84 

84  I 

84 

84  I 

84  I 

84 

80 

89 

89  J 

84  ' 

79 

89 

89 

89 


87  i 

87. 

87  ; 

87  ' 

87 

87 

87 

87 

87 

87 

87 

87 

87 

87  ! 

87, 

87  I 


ffO 
60 

fiO 
HO 
«) 
♦O 
fit) 
tJO 
♦»l 
t4l 
t^) 
irfi 

Hi 
♦ill 


BOHH.  WHIffTLRBfl 
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Mean  daily  ditAarge^  in  atamdrfeetf  of  Selah  V alley  earud  near  Narih  YaJnma,  Wask,,for 

idOi--Coiitinued. 


Day. 

May. 

1 

June.  . 

84 

84 

84 

84 

84 

84 

79  ' 

79 

79 

84 

84 

84 

84 

84 

July 

Aug. 

89 
89 
89 
89 
89 
89 
89 
89 
89 
87 
87 
87 
87 
87 
87 

Sept. 

Oct, 

17 

73 
79 
79 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 

84 
84 
84 
77 
77 
77 
77 
77 
77 
78 
67 
60 
60 
60 

48 

18 

43 

19 

2 

2 
31 
55 
67 
77 
67 
67 
77 
79, 
79 
79 
84 

43 

20 

21 

22 

23 

24 • 

25 

26 

27 

28 

29 : 

30 

31 

Rating  iahUfor  Sdah  VaUey  canal  near  North  Yakima^  Wash.,  from  May  19  to  October  Id, 

1904. 


1 

Gase 
1    height. 

DiBcharge. 
8eco7id-feet. 

Oage 
height. 

Discharge. 
8e€ond-/eet. 

Gams 
height. 

Discharge. 
Second- feet,  i 

Gaffe 
height. 

Discharge. 

Feet. 

Feet. 

Feet. 

Feet. 

Second-feet. 

1      l.«0 

15.1 

2.30 

29.7     1 

2.75 

47.6 

3.20 

69.4 

'     1.86 

16.3 

2.35 

31.4  ; 

2.80 

49.9 

3.25 

71.8 

1.90 

17.6    ! 

2.40 

33.1 

2.85 

52.3 

3.30 

74.3 

1.95 

19.0 

2.45 

34.9 

2.90 

54.7 

;     3.35 

76.7 

2.00 

20.4 

2.50 

36.8 

2.95 

57.1 

3.40 

79.2 

,     2.05 

21.9 

2.55 

38.8 

3.00 

59.6    ' 

3.45 

81.6    . 

1 

2.10 

23.4 

2.60 

40.9 

3.05 

62.0 

3.50 

84.1 

2.15 

24.9 

2.65 

43.1 

3.10 

64.5 

3.55 

86.5 

2.20 

26.5 

2.70 

45.3 

!    3.15 

66.9 

3.60 

89.0 

2.25 

28.1 

1 

1 

This  table  is  based  upon  6  disoharge  measurements  made  during  1904.  It  is  weU  defined 
between  gage  heights  2.00  feet  and  3.50feet.  The  table  has  been  extended  beyound  these 
limits. 
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[NO.  185. 


Estimated  moTUhly  distharge  ofSdah  VcHUy  canal  near  Norih  Yakimaf  Wash.,  for  190J^ 

[Irrigated  area,  6,000  acres.] 


Month. 


Disdhai^  in  second-feet. 


April  16-30  ° 
May 
June 
July- 
August 
September 
October  1-15 


The  period 


I  Depth  of 

»o«^'««'-    I   irrigated 
area. 


1,339 
3,511 
4,957 
4,273 
5,331 
4,808 
1,785 


72.0         26,000 


2.68 
7.04 
9.91 
8.55 
10.7 
9.62 
3.57 


52.1 


a  Estimated  April  16  to  May  18. 


WAPATOX  CANAL  NEAR  NORTH  TAKIMA,  WASH. 

This  canal  heads  in  the  left  bank  of  Naches  River  opposite  the 
mouth  of  the  Tieton  in  sec.  36,  T.  15  N.,  R.  16  E.  It  is  maintained 
by  a  stock  company  of  100  equal  shares.  Owing  to  the  fact  that 
the  velocity  of  the  current  in  the  canal  was  greatly  influenced  by 
changes  in  the  stage  of  the  river  and  in  the  opening  of  the  headgate, 
the  canal  was  not  accurately  rated.  The  estimates  of  discharge  are 
therefore  only  approximate. 

Discharge  measurements  of  Wapatox  canoH  near  North  Yakimaf  Wash,,  in  1904- 


Date. 


Hydrographer. 


Width. 


Area  of 
section. 


Feet.      Sq./eei. 


May  19 G.  F.  Harley 

July  8 do 

July  9 do 

July  16 do 

July  28 do 


9 

9 

10 

10 

10 


3.46 
12.3 
25.3 
19.34 
22.0 


Mean  Qage 

velocity.       heiffQt. 


Ft.  per  sec. 
0.62 

.80 

1.38 

1.45 

1.50 


Feet. 
0.42 

1.26 

2.48 

1.90 

2.19 


Dis- 
charge. 


Sec-feet. 

2.2 
9.9 

35. 

27.9 

33. 


RuSSi 


Tsusimir'l         COLUMBIA    RIVKR    DRAINAGE    BASIN. 
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Mean  daUy  gage  height^  in  feet,  of  Wapqtox  canal  near  North  Yakima,  Wash.,  for  1904. 


Day. 


May.      June.      July.      Aug. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

S. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
3). 
21. 
22. 
23. 
24. 


2.-,, 


2fi. 
27. 
2S. 
29. 

31. 


0.42 
.33 
2.33 
2.83 
3.00 
2.83 
2  50 
2.50 
2.67 
2.58 
2.58 
2,58 
2.67 
2.50 


2.67 
2.67 
2.67 
2.67 
2.67 
2.67 
2.67 
2.67 
2.58 
2.50 
2.50 
2.50 
2.33 
2.33 
2.17 
2.25 
2.33 
2.33 
2.33 
2.33 
2.42 
2.42 
2.42 
2  42 
2.50 
2.50 
2.50 
2.67 
2.75 
2.83 


2.88 
2.75 
2.58 
2.67 

(«) 

(») 

C) 

(«) 

1.25 

2.42 

2.42 

2.33 

2.17 

1.83 

1.67 

1.83 

1.83 

1.75 

1.92 

1.83 

2.00 

2.33 

2.50 

2.33 

2.17 

2.17 

2.25 

2.25 

2.08 

2.00 

2.17 


Sept.       Oct. 


2.25 
2.25 
2.08 
2.00 
2.00 
2.17 
2.33 
2.33 
2.42 
2.33 
2.25 
2.17 
2.67 
2.83 
2.83 
2.83 
2.75 
2.67 
2.67 
2.67 
2.58 
2.50 
2.67 
2.67 
2.67 
2.67 
2.67 
2.75 
2.58 
2.58 
2. 58 


2.58 
2.58 
2.50 
2.50 
2.50 
2.50 
2.67 
2.67 
2.67 
2.67 
2.25 
2.25 
2.08 
2.08 
2.00 
2.00 
2.08 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.92 
1.83 
1.83 
1.83 
1.83 
1.83 
1.83 


1.83 
1.83 
1.67 
1.67 
1.67 
1.67 
1.58 
1.50 
1.50 
1.67 
1.17 
1.17 
1.17 
1.17 
1.17 
1.17 
1.08 
1.00 
1.00 


I 


I 


a  Water  shut  off. 


Mean  daily  discharge,  in  second-feet,  of  Wapatox  canal  near  North  Yakima,  Wash.,  for  1904- 


Day. 


May.     June.      July.      Aug. 


Sept.       Oct. 


1 ; 

2 ' 

3 

4 

o 

ft 

r 

8 

9 J 

10 

II ! 

12 1 

13 ' 

u I 

i;^ 

10 

17 

IRK  l.*i5— 05 10 


41 

45 

31 ; 

39 

21 

41 

43 

31 

39 

21 

41 

39 

27 

37 

18 

41 

41 

25 

37 

18 

41 

0 

.  25  j 

37 

18 

41 

0 

29 

37 

18 

41 

0 

33 

41 

15 

41 

0 

33 

41 

14 

39 

10 

35 

41 

14 

37 

35 

33 

41 

18 

37 

35 

31 

31 

9 

37 

33 

29 

31 

9 

33 

29 

41 

27 

9 

33 

21 

45 

27 

1      ^ 

29 

18 

45 

25 

9 

31 

21 

45 

25 

9 

33 

1    21 

i    43 

27 

8 
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[NO.  135. 


Mean  daily  discharge,  in  second-feet,  of  Wapatox  caned  near  North  Yakima,  Wash.,  for 

i904— Continued. 


Day. 


18. 
10. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


May. 

June. 

July. 

1 

33 

19 

1 

33 

23 

33 

33 

21 

45 

35 

25 

49 

35 

33 

45 

35 

37 

37 

35 

33 

1         37 

37 

29 

41 

37 

29 

39 

37 

31 

39 

41 

31 

39 

43 

27 

41 

1         45 

25 

37 

29 

Aug.   Sept.  '  Oct. 


41 

41 

41 

39 

37 

41 

41 

41 

41 

41 

43 

39  I 

39 

39 


25 
25 
25 
25 
25 
25 
23 
21 
21 
21 
21 
21 
21 


Estimated  monthly  discharge  of  Wapatox  canal  near  North  Yakima,  Wash.,  for  1904- 

[Irrigated  area,  1,400  acres.] 


Dischargo  in  second-feet. 


Month. 


Maximum. 


Minimum. 


Mean. 


Depth  of 
rr««oi  In       run-off  in 
L^t^t     i°<*«.over 
acre-ieet.       irrigated 

area. 


April  16-30  " 

May 

June 

July  ft 

August 

September. . . 
October  1-15. 


The  period. 


o  Estimated  April  15-May  17. 


45 
45 
45 
41 
21 

45 


29 ; 

10  I 
25 
21  ■ 
9  I 


20.0 

595 

5.10 

40.0 

2,460 

21.1 

37.2 

2,214 

19.0 

29.0 

1,553 

13.3 

37.0 

2,275 

19.5 

26.1 

1,553 

13.3 

14.8 

440 

3.  // 

9  k     31.2 


11,090 


95.1 


b  Water  shut  off  four  days. 


SMALL   CANALS. 


Below  the  Wapatox  and  above  the  Yakima  Valley  canal  a  group 
of  small  canals  take  w^ater  from  both  banks  of  Naches  River.  They 
are  the  Cox,  Upper  Scott,  Lower  Scott,  Fortune,  and  Lasw^ell  canals 
on  the  right  bank,  and  the  Clark,  Lowery,  and  Kelly  canals  on  the 
left  bank. 

Below  the  intake  of  the  Yakima  Vallev  canal  and  above  Cowiche 
Creek  six  more  small  ditches  head  into  Naches  River,  namely:  The 
Morrissey,  White  and  Loach,  McCormick,  and  Shearer  and  Chapman 
ditches  on  the  left  bank,  and  the  two  Rhodenbach  Schiller  ditches 
on  the  right  bank. 

For  data  concerning  tliese  canals  see  tables  on  pages  167-169. 
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QLKED  CANAL  NEAB  NOBTH  TAKDCA,  WASH. 

This  is  the  next  large  canal  below  the  Wapatox.  It  is  owned  by 
the  Naches  Canal  Company.  Its  intake  is  on  the  left  bank  of  the 
Naches  River  about  11  miles  from  North  Yakima  in  sec.  24,  T.  14  N., 
R.  17  E.  Just  below  the  head-gates  and  below  the  rating  station 
the  canal  forks.  The  lower  lateral  is  owned  by  an  association  of 
farmers  who  irrigate  400  acres  from  it,  and  help  maintain  the  main 
canal  above  the  fork.  This  400  acres  is  not  included  in  the  1,400 
irrigated  by  the  Gleed  canal. 

DitAarffe  mM»W€ment9  afOUed  eamd  near  NariK  Yakima,  W<uh.,  in  190J^. 


Date. 


Hydrographer. 


May  19... 

July  9 

Augiut  30. 


G.  F.  Harley. 

do 

J.  C.  Dry.... 


1 

Width. 

Area  of 
section. 

Mean 
velocity. 

Ft.  per  sec. 

Gaso 
height. 

Feet. 

Sq.'feet. 

1 
Feet. 

14 

39 

1.96 

2.41 

14 

23 

1.09 

1.08 

14 

35 

1.40 

2.04 

Di8- 
charge. 


Sec-feet. 


74 
25 
49 


Mean  daUy  gage  height  ^  in  feet  ^  ofOleed  canal  near  North  Yakima,  Wash.,  for  1904. 


Day. 

May. 

1 

- 

2 -- 

June.  I  July. 


5. 


6. 


7.. 


8. 

9. 

10. 

n. 

12. 


13 

t 

14 ' 

15 

16 

17 1 

18 

19 : 

2. 42 

20 

2.50 

21.. 

22... 

23.. 

24.. 

25.. 

26.. 

27.. 

28.. 

29.. 

30.. 

31.. 


2.58 
2.87 
2.00 
2.25 
2.17 
2.33 
2.33 
2.42 
1.00 
1.00 
2.50 


2.00 

2.58 

2.33 

2.58 

2.33 

2.58 

2.33 

2.58 

2.33 

1.00 

2.25 

1.17 

2.25 

1.33 

2.33 

1.33 

2.33 

1.33 

2.25 

1.17 

2.25 

1.06 

2.17 

1.67 

2.25 

1.83 

2.25 

1.83 

2.25 

1.83 

2.17 

1.83 

2.17 

1.83 

2.33 

1.75 

1.83 

1.92 

1.83 

2.00 

2.00 

2.00 

2.00 

2.25 

2.00 

2.25 

2.00 

2.33 

1.83 

2.33 

1.67 

2.50 

1.67 

2.50 

2.25 

2.50 

2.50 

2.50 

2.58 

2.50 

2.50 

Aug. 

Sept. 

Oct. 

2.50 

2.17 

1.33 

2.50 

2.17 

1.33 

2.50 

2.08 

1.33 

2.50 

2.08 

2.50 

2.00 

2.50 

1.83 

2.42 

1.83 

2.42 

2.00 

2.50 

2.00 

2.42 

2.00 

2.42 

2.00 

2.42 

1.75 

2.42 

1.75 

2.42 

1.75 

2.42 

1.50 

2.42 

1.50 

2.42 

1.33 

2.33 

1.33    

2.33 

1.33  ' 

2.33 

1.33 ; 

2.25 

l."33    

2.21 

1.33  ' 

2.17 

1.33    

2.17 

1.33    

2.17 

1.33    

2.17 

1.33    

2.08 

1.33 

2.08 

1.33    

2.00 

1.33    

2.00 

1.33    

2.17 
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[NO.  lav 


Mean  (iaily  discharge,  in  second-feet,  ofGleed  canal  near  North  Yakimaj  Wash.,  for  1904- 


5. 
6. 


9. 
10. 

11. 

12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
2S. 
29. 
30. 
31. 


Day. 


May.  I  June 


74 
80 

86 

.1 

89  I 

52  I 

65 

59 

71 

71 

74 

21 

21 

80 


52 

71 

71 

71 

71 

65 

65 

71 

71 

65 

65 

50 

65 

65 

65 

59 

59 

71 

46  ! 

46j 

52  : 

52) 
52 

52  I 

46  I 

38 

38  I 
65 
80 
86 


July. 

86 

86 

86 

86 

21 

24 

28, 

28" 

28 

24' 

23 

38 

46 

46 

46 

46 

46 

42 

48 

52 

52 

65 

65 

71 

71 

80 

80 


80 


Aug. 

80 
80 
80 
80 
80 
80 
74 
74 
80 
74 
74 
74 
74 
74 
74 
74 
74 
71 


80  j 
80  ' 
80 


71  ' 
71  I 
65  i 
62 
59 
50 
59! 
59> 
56 
56  < 
52  , 
52  I 
59  , 


Sept.  I  Oct. 

SO  I  2H 
59  2S 
56      2K 

56  

52  

46  

46  

52  

52  

52  

52  

42  

42  » 

42! 

32  

I 

32  I 

28  

28  

28  

2«| 

28  I 

28  

28  

28  

28  

28  

28  

28  

28  

28  


Rating  table  for  Gleed  canal  near  North  Yakimaj  Wash.,  from  May  19  to  October  S,  I9f)4, 


(iagp 
height. 

"1; 
Discharge. 

Gage 
height. 

ll 
Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

DifichaTKe. 

Fed. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet 

1.00 

21      , 

1.45. 

30 

II 

1.90 

48     , 

2.35 

71 

1.05 

22     ' 

1..50 

32 

1.95 

50 

2.40 

74 

1.  10 

23 

1.5.5 

34 

2.00 

52 

2.45 

77 

1.  15 

24 

1.60 

36 

2.05 

54 

2.  .TO 

«0 

1.20 

25     '1 

1.65 

38 

2.10 

56 

2.  ,55 

83 

1.25 

2«)     ' 

1.70 

40 

2. 15 

59 

2.60 

85 

1.:^ 

27     ' 

1 .  75 

42 

2.20 

62 

2.65 

89 

1.35 

2S 

l.SO 

44 

2.25 

6.5 

1 

2.70 

92 

1.40 

29 

1.8.5 

46      , 

1 

2.30 

;       68 

2.75 

95 

Tlu"  ftlK)vo  table  is  based  upon  3  diacbarge  ineasuremonta  made  during  1904.     It  is  well 
(K-tinod  }H»tw«'oii  fjaj^c  beigbts  l.(X)  foot  and  2.50  feet. 
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Estimated  monthly  discharge  ofitleed  canal  near  North  Yakima,  Wash. ^  for  19()^. 

[Irrigated  area,  1,8()0  acres  ".  ] 


Discharge  in  second-feet. 


Month. 


Maximum. 


April  15-30  ft  . , 

May 

June 

July 

August 

September 

October  1-15  *' 


Minimum. 


86 
86 
80 
59 


38 
21 
52 

28 


The  period. 


86 


21 


I 


I 


Mean. 

40.0 
65.0 
61.1 
55.  9 
69.4 
38.8 
28.0 


Depth  of 
TotAl  in        run-off  in 
Ir?nifw?t      Inches.over 
acre-f«'t.      irrigaHxi 

area. 


1,190 
3,997 
3,636 
3,437 
4,267 
2,309 
833 


7.94 
26.6 
24.2 
22.9 
28.4 
15.4 

5.  55 


&4.2         19,670  131.0 


a  Includes  400  acres  under  the  lower  lateral 
b  Estimated  April  15-May  18. 


<•  Estimated  September  4-15. 
YAKIMA    VALLEY   CANAL   NEAR  NORTH   YAKIMA,  WASH. 


This  canal  heads  in  the  right  bank  of  the  Naches  River  about 
three-fourths  mile  below  the  intake  of  the  Gleed  canal  in  sec.  24, 
T.  14N.,  R.  17E.  It  extends  by  flume  to  Cowiche  Creek,  which 
is  crossed  by  an  inverted  siphon  of  two  pipes.  It  irrigates  land 
north  and  west  of  North  Yakima.  The  canal  is  the  property  of  a 
cooperative  company  of  4,200  shares,  or  1  share  for  each  acre  under 
the  canal. 

Discharge  measurements  of  Yakima  Valley  canal  near  North  Yakima,  Wash.,  in  190 J^. 


Date. 


Hydn^rapher. 


May  14 G.H.  Bliss.. 

June  30 G.  F.  Hariey . 

July  20 J.O.Dry.... 

August  13 G.  F.  Hariey. 


Width 


Feet. 


1. 

Area  of 
section. 

Me^n 
velocity. 

(tttge 
height. 

Dis- 
charge. 

Sq.  feet. 

Ft.  per  sec. 

Feet. 

Sec-feet. 

9 

20.2 

2.55 

1.71 

51.4 

9 

15.9 

2.42 

1.37 

38.5 

9 

19.6 

3.11 

1.92 

61.1 

9 

23.3 

3.29 

2.13 

79.0 

Mean  daily  gage  height,  in  feet,  of  Yakima  Valley  canal  near  North  Yakima,  Wash.,  for  190  J^. 


Day. 


1. 
2. 
3. 
4. 

5. 
6. 

7. 
8. 


I 


May, 


1.60 
1.5H 
1.56 
1.37 

1.39 

i.r> 

I.IW 

l.()4 

a  Water  shut  off. 


June. 

LSI 
1.81 

1.83 
1.83  ! 
1.8.3  I 
..79  I 

i.7y 


July.       Aug. 


1.92 

1.92 

1.92 

1.87 

1.87 

(«) 

(") 

(«) 


2.()() 
2.()4 
2.(M 
2.(W 
2.(>8 
2.08 
2JW 
2JJS 


Sept. 

2.12 
2. 1() 
2. 08 
2.04 
2.00 
2.(X) 
2.00 
2.(X) 


Oct. 


1.04 
1.64 
1.64 
1.64 
1.62 
1 .  ."lO 

1.4S 
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Mean  daily  gage  height t  in  feet,  of  Yakima  VaMey  canal  near  North  Foittma,  WaA.,far 

1904. — Continued . 


Day. 

May. 

June. 

1.75 
1.73 
1.71 
1.71 
1.71 
i.67 
1.67 
1.67 
1.67 
1.67 
1.69 
1.75 
1.77 
1.79 
1.83 
1.85 
1.87 
1.92 
1.92 
1.94 
1.92 

(•) 
,_, 

July. 

1.71 
1.75 
•  1.75 
1.92 
1.96 
1.92 
1.92 
1.92 
1.92 
1.92 
1.92 
1.92 
1.92 
1.92 
1.96 
1.96 
1.96 
1.96 
2.00 
2.00 
2.00 
2.00 
2.00 

Aug. 

Sept. 

1 

2.00 
2.00 
2.00 
2.00 
1.87 
1.87 
1.87 
1.83 
1.83 
1.83 
1.83 
1.83 
1.83 
1.83 
1.83 
1.83 
1.79 
1.79 
1.79 
.83 
.83 
.83 

Oct. 

9 

1.33 
1.54 
1.56 
1.60 
1.62 
1.71 
1.71 
1.71 
1.71 
1.71 
1.71 
1.69 
1.71 
1.67 
1.67 
1.71 
1.33 
1.71 
1.75 
1.75 
1.79 
1.81 
1.79 

2.06 
2.12 
2.06 
2.12 
2.12 
2.12 
2.12 
2.12 
2.12 
2.12 
2.12 
2.12 
2.12 
2.12 
2.12 
2.14 
2.17 
2.17 
2.17 
2.17 
2.17 
2.17 
2.14 

1.33 

10 

1.33 

11 

1.50 

12 

1.48 

13 

1.48 

14 

1.46 

15 

1.25 

16 

17 

18 

19 

20 

21 

23 

24 

25 

26 

27 

28 

29 

30 ;. 

31 

0  Water  si 

lUt  off. 

Mean  daUy  discharge,  in  secondfeety  of  Yakima  VaUey  canal  Tiear  North  Yakima,  Wash.,  far 

1904. 


Day. 

May. 

June. 

56 
56 
59 
59 
59 
50 
56 
56 
53 
53 
51 
61 
51 
49 
49 
49 
49 
49 
51 
53 
53 
56 
59 
59 

July. 

Aug. 

60 

73 
73 
77 
77 
77 
77 
77 

Sept.  1 

Oct. 

1 

.47 
47 
45 
37 
39 
35 
31 
30 
37 
45 
45 
47 
47 
51 
51 
51 
51 
51 
51 
51 
51 
49 
49 
51 

62 
62 
62 
50 
50 

0 
0 

t 

77 

77 

77 

73 

09 

09 

60 

00  1 

00  j 

00 

00 

00 

», 

50 
50 

SO  , 
50 
50' 
50  . 
50  . 
50  . 

59 . 

50  '.. 

19 

2 

48 

3 

49 

4 

40 

5 

47 

6 

43 

7 

43 

8 

43 

9 

51  1    77 
53     77 
53  1    77 
62     77 

37 

10 

37 

11 

43 

12 

43 

13 

65 
62 

77 
77 

43 

14 

41 

15 

62     77 
62     77 
62  1    77 
62     77 
62     77 
62     77 
62     77 
62     77 
65     77 
65  .    81 

35 

16 

17 

18 

19 

20 

21 

22 

23 

24 ■ 

ROflB,  WHISTLER 
AND  NOBLE. 


•] 
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Mean  daily  discharge^  in  Homdrftett  of  Yakima  Valley  canal  near  North  Yakima,  Wash.,  for 

1904 — Continued. 


Day. 


May.     June.      July.      Aug.      Sept. 


Oct. 


25. 
26. 
27. 
28. 
29. 
30. 
31. 


37 

59 

65 

51 

62 

65 

53I 

62 

69 

53I 

1 

65 

69 

^1 

62 

69 

56' 

0 

69 

56    .. 

69 

81 

56 

81 

50    

81 

59    

81 

29' 

81 

29  ! 

81 

29  1 

81 

Ratting  table  for  Yakima  VaUey  canal  near  North  Yakima f  Wash.,  from  May  1  to  October 

15, 1904. 


Gage, 
hei^t. 

ji 
Discharge.  ' 

Seeondr/eet. ' 

Gage 
height. 

Feel. 

Discharge. 
Seeondr/eet. 

Gage 
height. 

Feet. 

Discharge. 

1 

Gage 
height. 

Feet. 

Discharge. 

Feet. 

Second-feet. . 

Second-feet. 

0.85 

28.5    ! 

1.25 

35 

1.65 

49 

2.00 

69 

90 

29 

1.30 

36 

1.70 

51 

2.05 

73 

95 

29.5 

1.35 

37 

1.75 

53 

2.10 

77 

1.00 

30        i 

1.40 

39 

1.80 

56 

2.15 

81 

1.05 

31 

1.45 

41 

1.85 

59 

2.20 

86 

1.10 

32     ; 

1.50 

43 

1.90 

62 

2.25 

91 

1.15 

33 

1.55 

45 

1.95 

65 

2.30 

96 

1.20 

34 

1.60 

47  , 

The  above  table  is  based  upon  4  discharge  measurements  made  during  1904.  It  is  weD 
defmed  between  gage  heights  1.35  feet  and  2.15  feet.  The  table  has  been  extended  beyond 
these  limits. 

Estimated  monthly  discharge  of  Yakima  V alley  canal  near  North  Yakima,  Wash.)  for  190J^ 

[Irrigation  area,  3,600  acres.] 


Month. 


April  16-30° 

May 

June    

July*^ 

August 

September. . . 
October  1-15. 


The  period. 


Discharge  in  second- 

feet. 
Mean. 

Total  in 
acre-feet. 

Depth  of 
run-off  in 

Maximum. 

Minimum. 

inches,  over 

irrigated 

area. 

40.0 
46.8 

1,190 

2,878 

3.97 

56 

30 

9.59 

65 

49 

55.3 

3,181 

10.6 

69 

51 

62.5 

3,471 

11.6 

81 

69 

77.5 

4,765 

15.9 

77 

29 

60.8 

3,618 

12.1 

49 

35 

43.4 

1,291 

4.30 

81 

30 

57.4 

20,390 

68.1 

a  Estimated. 


^  Water  shut  off  1  day . 


i  Water  shut  off  3  days. 
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NACHKS-COWICIIE   CANAL    NEAR   NORTH    YAKIMA.  WASH. 

The  intake  of  this  canal  is  on  the  right  bank  of  the  river  just 
below  Nelson's  bridge  at  Painted  Rocks,  m  sec.  9,  T.  13  N.,  R.  18  E. 
About  one-half  mile  below  the  intake  the  canal  crosses  Cowiche 
Creek  and  until  about  the  middle  of  June  takes  nearly  all  its  water 
from  this  source.  The  amount  of  water  taken  from  the  river  grad- 
ually increases  until  about  the  1st  of  August,  after  which  date  the 
entire  flow  of  the  canal  is  drawn  from  Naches  Riyer. 

Discharge  measuremeTUs  of  Naches-Cowiche  canal  near  North  Yakima,  Wash.,  in  1904.. 


Date. 


May  4 

May  14 

July  12... 
August  12 


Hydrographer 


G.  F.  Harley 
G.  H.  Bliss. . . 

do 

J.C.Dry.... 


Width. 


Area  of 
section. 


Mean      |     Gaee 
velocity.       heigl 


Feet.     ,  Sq./cet.     Ft.  per  sec. 

2.13 
2.00 
1.93 
1.96 


8 

15 

8 

22 

8 

21 

8 

24 

:ht. 


Dis- 
chai^e. 


Feet.      '  Sec. /eft. 


2.63 
3.20 
3.12 
3.30 


32 
44 
41 
46 


Mean  daily  gage  heigJU,  in  feet,  of  Naches-Cowiche  canal  near  North  Yakima,  Wash.,  for  1904. 


Day. 


1. 
2. 
3. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
II. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
2;}. 
24. 
2.'>. 
26. 
27. 
28. 
21). 
30. 
31. 


May. 


3.08 

3.  as 

3.08 
3.12 
3.17 
3.17 
3.17 
3.17 
3.21 
3.21 
3.04 
3.12 
3.12 
3.12 
3.17 
3.17 
3.17 
3.21 
3.17 
3.12 
3. 15 
3.12 
3.17 
3.17 
3.17 
3.17 


June. 

3.12 

3.12 

3.08 

3.15 

3.08 

3.00 

3.00 

2.96 

2.96 

2.87 

2.83 

2.75 

2.62 

2.50 

2..W 

2.50  1 

2.87  ! 

3.12  I 

3.12  I 

3.17  ' 

3.17 

3.17 

3.04 

3.04 

3.17 

3.17 

3.17 

3.17 

3.21 

3.25  I 


July.       Aug.       Sept.        Oct, 


2.96 
3.00 
3.04 
3.04 
3.04 
3.04 
3.04 
3.04 
3.17 
3.04 
3.08 
3.17 
3.17 
3.17 
3.17 
3.17 
3.17 
3.17 
2. 75 
2.75 
2.02 
2.62 
2.83 
2.83 
2.92 
2.92 
2.96 
2.96 
2.96 
3.08 
3.08 


3.08 
1.02 
3.75 
3.92 
3.92 
3.83 
3.92 
3.92 
3.92 
3.83 
3.83 
3.92 
3.92 
3.92 
3.92 
3.92 
3.17 
3.17 
3.17 
3.21 
3.17 
3.17 
3.21 
3.17 
3.12 
3.12 
3.12 
3.12 
3.12 

3- as 

3.12 


2.  S3 
2.83 
2.79 
2.79 
2.71 
2.71 
2.71 
2.71 
2.71 
2.62 
2.62 
2. 62 
2.62 
2.45 
2.50 
2.50 
2.25 
2.12 
2.17 
2.17 
1.92 
1.U2 
1.92 
1.92 
1.92 
1.50 
1.50 
1.50 
1.50 
1.50 


i.rw) 
i.rm 

1.50 

i..'i<) 

1.IJ7 
1.67 
1.67 
1.67 

l.-V) 
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SI  tan  duibj  discharge,  in  secorui-Jeetj  of  Naches-Cowiche  canal  near  North  Yakimaf  Wash., 

far  1904. 


Day. 


1. 

o 


May. 


6. 

7. 

8. 

9. 
10. 
II. 
12. 
13. 
14. 
1:.. 
16. 
17. 

IK. 

19. 

2i). 

21. 
•» 


June. 

July. 

38 

39 

40 

41 

40 

40' 

Aug.  !  Sept.   Oct. 


24. 
2.'». 

2t5. 


27 


2s. 
29. 
30. 
31. 


41 

39 

41 

39 

41 

38 

41 

38 

42 

36 

42 

36 

42 

34 

42 

31 

44 

30 

44 

30 

40 

30 

41 

36 

41 

41 

41 

41 

42 

42 

42 

42 

42 

42 

44 

40 

42 

40 

41 

•  42 

42 

42 

41 

42 

42 

42 

42 

44 

42 

45 

42 

40 

40 

40 

42 

40  I 

41 

42  - 

42  I 

42 

42 

42 

42 

42 

34 

34 

31 

31 

36 

36 

37 

37 

38 

38 

38 

41 

41 


41  ' 

23 

64 

70 

70 

68 

70 

70 

70 

68' 

68 

70 

70 

70 

70 

70 

42 

42 

42 

44 

42 

42 

44 

42 

41 

41 

41 

41 

41 

41 

41 


36 
36 
35 
35 
33 
33 
33 
33 
33 
31 
31 
31 
31 
30 
30 
30 
28 
26 
27 
27 
25 
25 
25 
25 
25 
24 
24 
24 
24 
24 


24 
24 
24 
24 
24 
24 
25 
24 
25 
24 


Rating  taJUe  for  Nachfs-Cowiche  canal  near  North  Yahima,  Wash.,  from  May  6  to  October 

JO,  190j^. 


Gage, 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Feet. 

Discharge.  ' 
Second-feet. 

Gaee 
height. 

1 

Discharge. 

1 
Second-feet. 

Gage 
height. 

Discharge. 

Feet. 

Feet. 

Feet. 

Second-feet 

2.00 

25.8 

2.50 

30.0 

3.00 

39 

3.50 

54 

2.05 

26.0 

2.55 

30.5 

3.05 

40 

3.55 

56 

2.10 

26.2 

2.60 

31 

3.10 

41 

3.60 

58 

2.15 

26.5 

2.65 

32 

3.15 

42 

3. 65 

60 

2.20 

27.0 

2.70 

1 

33 

3.20 

43 

3.70 

62 

2.25 

27.5 

'    2.75 

34 

3.25 

44     , 

3.75 

64 

2.30 

28.0 

!    2.80 

35 

3.30 

46 

3.80 

66 

2.35 

28.5 

2.85 

36 

3.  35 

48 

3.85 

68 

2.40 

29.0 

2.90 

37 

3.40 

50 

3.90 

70 

2.45 

1 

29.5 

2.95 

* 

38 

3.  45 

52 

3.95 

72 
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The  preceding  table  is  based  upon  4  discharge  measurements  made  during  1904.  It  is 
well  defined  between  gage  heights  2.60  feet  and  3.30  feet.  The  table  has  been  extended 
beyond  these  limits. 

Estimated  TnorUhly  discharge  of  Nadies-Coiviche  canal  near  North  YaJcimaf  Wash.  ^  for  190 J^. 

[Irrigated  area,  1,500  acres.] 


Month. 


April  16-30  «  . 

May 

June 

July 

August , 

September 

October  1-15  ^ 


The  period. 


Discharge  in  second-feet. 


Maximum.  I  Minimum.  I    Mean. 


Total  in 
acre-feet. 


I   Depth  of 
I   run-off  in 
inches,  ovrr 
I   irrigated 
area. 


44 
45 
42 
70 
36 
24 


40  I 
30  I 
31 

24  ' 

I 

24  ' 


70 


23 


30.0 
42.0 
38.9 

53.5 
29.1 
24.0 


I 
893 

2,582 

2,315 

2,392 

3,290 

1,732 

714 


7.14 
20.6 
18.5 
19.1 
26.3 
13.9 

5.71 


38.4  1       13,920  I       111.2 


I 


a  Estimated  April  16  to  May  5.' 


b  Estimated  October  10-15. 


BROADQAUOE   CANAL  NEAR   NORTH   TAKIMA,  WASH. 

This  canal  heads  in  a  slough  on  the  right  bank  of  the  river  in 
sec.  10,  T.  13  N.,  R.  18  E.  About  3  niiles  below  the  intake  it  crosses 
the  wasteway  of  the  Power  canal  and  draws  from  it  the  entire  flow 
which  it  carries  beyond  this  point  The  Broadgauge  canal  is  now  the 
property  of  the  Northwestern  Light  and  Water  Company. 

Discharge  mecLsurements  of  Broadgauge  canal  near  North  Yakima t  Wash.y  in  1904. 


Date. 


Hydrographer. 


May4« G.  F.  Harley 

June  16  « '  G.  H.  Bliss.. 

June  30 «» J.  C.  Dry  . . . 

July  16& do 

September  15  &. .' do 


Width. 

Feet. 

10 

10 

6 

6 

6 


I 
Area  of  '      Mean      I     Gace 
section.  I   velocity.       height. 


Dia- 
cbaiKe. 


Sq./eet.    Ft.  per  sec.       Feet.     .Sec-feet, 


11.0 

9.5 

11.7 

11.6 

5.7 


0.50 

.25 

1.36 

1.41 

.89 


2.42  , 
2.25  , 
1.19  , 
1.15 

.22  I 


5.1 

2-4 

15.9 

16.3 

5.1 


a  Measured  at  headworlcs. 


b  Measured  below  Power  dn&l 


^'^vTJ^lI'''']        COLUMBIA    RIVER 
Mean  daUy  <fage  heigki,  in  feet,  of  Broadgaugt 

DRAINAGE    BASIN. 

I  canal  near  North  Yakima, 

155 

Watih.,for  1904, 

Day. 

May. 

June. 

Day. 

May. 

June. 

'  Day. 

May. 

1 

June. 

1 

2.42 
2.42 
2.45 

-  12 

2.25  ' 

22 

23 

24 

...i      2.58 
2. 49 

2.50 

2 

13 

2.25 : 

2.17 
2.17 

2.50 

3 

14 

2.42 

2.33 

4 ' 

2.42 
2.42 

1 
15 

25 

2.42 
2.42 
2.42 
2.46 
2.42 
2.73 
2.71 

2.33 

5 

16 ' 

2.25 
2.42 

26 

2.33 

6 

2.42 
2.37 
2.33 

17 2.42 

27 

2.25 

7 

18 

2.50  ,      2.42 

28 

2.25 

8 

19 

2. 50         2. 82 

29 

2.50 

9 

2.25 
2.25 
2.25 

20 

2.62 
2.67 

2.  SO 

2.50 

1 
1 

1 

30 

2.50 

10 

21 

31 -- 

u 

1 

1 

1 
1 

Mean  daUy  disc 

hargef  in  seeonc 

t-feetf  ofBroadgauge  canal  near  j 

North  Yakima,  Wash.,f 

7rl904. 

Day. 

M.y. 

June. 

Day. 

May. 

1 
June. 

1 

Day. 

May. 

June. 

1 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

1 
12 

2.5  1 
2.5 

22 

23 

;  24 

25 

26 

27 

28 

29 

30 

1 

31 

5.5 

5.5 

2 

13 ' 

...          5.5 
5  0 
5.0 
5.0 
5.0 

...i        5.0 
5.0 
6.5 
6.5 

5.5 

3 

14 

15 

2.0 
2.0 

4.5 

4 

4.5 

5 

16 

2.5 

5.0 

5.0 

7.0 

5.5  ' 

5.5 

1 

4.5 

6 

17 5.0 

2.5 

W..^.     ............ 

7 i 

4.5      18 5.5 

4.5      19 5.5 

2.5  ,    20 6.0 

2.5 

8 

5.5 

9 

5.5 

10 

2.5 
2.5 

1  21 

6.0 

11 

1 
1 
( 

1 

Estimated  monthly  discharge  of  Broadgauge  canal  near  North  Yakima,  Wash.,  for  190J^. 

[Irrigated  area,  500  acres.] 


Month. 


S^^nnfT     Total  In 


April  16-30 4.0 

May 5. 5 

June  « 17. 0 

July* 15.9 

August  ft I  16. 3 

September  ft 10.0 

October  1-15  ft )  8.0 

I 

The  period 11.8 


119 
338 

1,012 
978 

1,002 
595 
238 


4,282 


Depth  of 

run-off  in  | 

inches,  over 

irrigated 

area. 


2.86 
8.11 
24.3 
23.5 
24.0 
14.3 
5.71 


102.8 


CI  Partly  from  the  Power  canal. 


h  Taken  from  the  Power  canal. 
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POWER   CANAL   AT   NORTH   YAKIMA,  WA8II. 

This  canal  heads.in  the  river  on  its  right  bank  in  sec.  10,  T.  13  N., 
R.  18  E.  Previous  to  October,  1904,  it  was  known  as  the  Yakimn 
Valley  Light  and  Power  Company  canal.  It  is  now  the  property 
of  the  Northwestern  Light  and  Water  Company,  and  is  the  largest 
canal  taking  water  from  Naches  River.  The  new  company  now 
controls  also  the  Shanno  and  Broadgauge  canals.  These  two  canals 
and  the  Union  canal  cross  the  Power  canal,  and  during  the  summer  are 
suppUed  chiefly  by  it.  Only  250  acres  are  irrigated  from  the  Power 
canal.  It  is  used  mainly  for  power  purposes,  and  all  of  its  Hoav  not 
withdrawn  by  othei-  canals  is  spilled  into  the  Yakima  River.  The 
wastage  is  very  regular  in  amount  as  shown  by  measurements  of  the 
wasteway. 

Discharge  measureTnerUs  of  Power  canal  at  North  Yakima,  Wajth.,  in  19()^. 


Date. 


Hydrographer. 


May5« G.  F.  Harley 

June28« J.C.Drj^.... 

July  21  ft do 

August  10  ft ' do 

September  12  ft  . ' do 

September  14  ft do 


Width. 

Feet. 
25 
25 
25 
25 
25 
25 


Area  of 
section. 


Mean 
velocity. 


Dis- 


Gace 
height.       chargf*. 


Sq.  feet.   '  Ft.  per  sec. 


63 
37 
38 
68 
42 
43 


2.83 
3.11 
3.26 
2.88 
3.22 
2.98 


Feet. 
2.71 
1.88 
2.05 
2.79 
2.15 
2.17 


See.  feet. 
ITS 
116 
124 
19() 
134 
12S 


a  Measured  at  the  regulating  gates. 

b Measured  on  the  wasteway  near  the  Yakima  River;  average  waste  125  second-feet. 

Mean  daily  gage  height,  in  feet,  6fPou)er  canal  at  North  Yakima,  Wash.,  for  /904. 


Day. 

May. 

June. 

2.67 
2.71 
2.71 
2.75 
2.75 
2.58 
2.58 
2.71 
2.67 
2.67 
2.67 
2.67 
2.71 
2.71 
2. 75 
2.71 
2.67 
2.67 
2.71 

July. 

2.71 
2.  .71 
2.67 
2.67 
2.71 
2.67 
2.71 
2.67 
2.62 
2.71 
2.67 
2.67 
2.62 
2.67 
2.71 
2.67 
2.67 
2.79 
2.  75 

Aug. 

2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.71 
2.67 
2.75 
2.75 
2.62 
2.79 
2.79 
2.79 
2.75 
2.75 
2.71 
2. 75 

Sept.        Oct. 

1 

2. 79           2.  7« 

2 

2. 75           2.  T"! 

.3 

2.83            2  7U 

4 

2.  srj          2.  ?!» 

5 

2.71 
2.71 
2.79 

2.71 
2.67 
2.71 
2.67 
2.67 
2.71 
2.67 
2.67 
2.67 
2. 71 
2.71 

2  83            2  7«» 

6 

7 : 

8 

2.87  ^  2  ''} 
2.79  2.S.3 
2. 83           2.  N.t 

9 

2.79           2  75 

10 

11 

12 

2.79  2.75 
2.79  2.S7 
2.79           2  *».'» 

1.3 .... 

2.79 

14 

2.79  ' 

15 

2  83 

16 

17 

IH 

19 

2.79    

2.79    

2.7^    

2. 7.'>    

R<M« 
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if  fan  daily  gage  height  y  in  feel,  ofPov^r  canal  at  North  Yakima,  Wash.,  for  1904 — Cont'd. 


Day. 


I  I 

May.      June.      July.  I   Aug.      Sept 


•20. 

21. 

22 

2;^ 

24. 

•2i». 

'M, 

27. 

2S. 

29. 

:w. 

.11. 


2.71 

2.62 

2.75 

2.75 

2.67 

2.75 

2.75 

2.75 

2.62 

2.67 

2.71 

2.79 

2.50 

2.67 

2.79 

2.75 

2.67 

2.71 

2.67 

2.71 

2.67 

2.7,5 

2.71 

2.75 

2.67 

2.71 

2.75 

2.71 

2.67 

2.71 

2.67 

2.75 

2.67 

2.75 

2.75 

2.79 

2.62 

2.75 

2.75 

2.79 

2.67 

2.79 

2.83 

2.67 

2.71 

2.83 

2.67 

Oct. 


2.83 

2.79 

2.83 

2.79 

2.83 

2.79  ! 

2.87  I 

2.87  I 

2.87 

2.87 

2.87 


Mean  daUy  discharge  j  in  second-feet,  of  Power  canal  at  North  Y''akima,  Wash.,  for  190^. 


1. 
2. 

3. 
4. 

••>. 
6. 

H. 

9. 
10. 
11. 
12. 
1.1. 
14. 
1.*). 
16. 
17. 
18. 
1<*. 
•20. 
21. 
22. 
23. 
24. 


2:>.. 


3B. 
27. 
28. 
29. 
30. 
31. 


Day. 


May.   June.   July.   Aug. 


Sept.  !  Oct. 


178 

178 

196  I 

198  : 

178 

172 

178 

172 

172 

178 

172 

172 

172 

178 

178 

178 

172 

165 

150 

172 

172 

172 

172 

172 

172 

172 

178 


172 

178 

187 

196 

196 

178 

178 

187 

187 

196 

178 

172 

187 

198 

196 

187 

172 

187  1 

198 

196 

187 

178 

187  , 

198 

196 

160 

172 

187 

210 

196 

160 

178 

187  1 

196 

198 

178 

172 

178 

198 

198 

172 

165 

172 

196 

187 

172 

17S 

187 

196 

187 

172 

172 

•187 

196 

210 

172 

172 

ia'> 

196 

198 

178 

165 

196 

196  .. 

178 

172 

196 

196  .. 

187  1 

178 

196  ' 

198  .. 

178 

172 

187 ; 

196  .. 

172 

172 

187  ' 

196  .. 

172 

196 

178 

196  .. 

178, 

187 

187 

187  .. 

172' 

187 

187  i 

198  .. 

187  1 

187 

187  ' 

196  .. 

172  1 

178 

196 

198  '.. 

172 

196 

187 

196  .. 

178 

172 

178 

198  .. 

187 

178 

187 

196  .. 

178 

187 

178 

210  .. 

178 

172 

187 

210  .. 

187 

187 

196 

210  .. 

187 

187 

196 

210  .. 

196 

198 

172 

210  .. 

198 

172  . 

1 

1 
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Estimated  monthly  discharge  of  Power  canxd  at  North  Yakimay  Wash.,  for  190^ 

[Irrigated  area,  250  acres.] 


Month. 


April  16-30  «  . 

May 

June 

July 

August 

September 

October  1-15  ^ 


The  period 

Wasted  into  Yakima  River. 


Discharge  in  second-feet. 


Maximum.  I  Minimum. 


Mean. 


Total  in 
acr&-ieet. 


198  ! 

196 

198 

196 

210 

210 

210 


150 
160 
165 
165 

187 
187 

150 


170 
174 
178 
176 

189 


5,058 
10,700 
10,590 
10,820 
11,620 


Used  for  irrigation  and  supplied  to  other  canals. 


199 

11,840 

196 

5,831 

183 

66,460 

125 

45.370 

58 

21,090 

a  Estimated  April  15  to  May  4. 


b  Estimated  October  13-15. 


8HANNO  CANAL   AT  NORTH    YAKIMA,  WASH. 

This  canal  heads  in  Naches  River  on  the  right  bank  in  sec.  11,  T. 
13  N.,  R.  18  E.,  in  sec.  13.  It  crosses  the  Power  canal  and  receives 
from  it  all  the  water  carried  beyond  this  point.  The  headworks  of 
this  canal  were  washed  away  during  1904,  and  in  October,  1904,  it 
became  the  property  of  the  Northwestern  Light  and  Water  Company. 

Discharge  measurements  ofShanno  canal  at  North  Yakima,  Wash.,  in  1904* 


Date. 


May  5  « 

June  16  « 

June  30a 

July  12  ft 

August  12  ft 

September  15  ft 


Hydrographer. 


G.  F.  Harley 
G.  H.  Blis8. . 
J.C.Dry  ... 

do 

do 

do 


Width. 

Area  of 
section. 

Mean 
velocity. 

Gaffe 
height. 

charge. 

Feet. 

Sq.  feet. 

Ft.peraec. 

Feet. 

Sec.  fefi. 

9 

13.0 

1.77 

1.19 

23 

12* 

25.0 

2.20 

2.21 

55 

9 

17.8 

1.54 

1.88 

27 

9 

13.8 

.74 

.88 

10 

9 

21.0 

1.43 

2.12 

30 

9 

19.5 

1.00 

2.05 

19 

a  Measured  at  the  headworlcs. 


6  Measured  below  the  Power  canal. 
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Mean  daily  gage  heighl,  in  feet,  ofShanno  canal  at  North  Yakima,  Wash,,  for  190^, 


Day. 


May.l  June.' July.        Day. 


1 .92 

2 j  .87 

3 1.17  j  1.08 

4 1.29  \  1.17 

5 1.25  1.50 

6 1.18  2.04 

7 1.17  1.67 

8 1.17  .67 

9 1.08  .67 

10 1.12  \  .67 

II 1.12      (a) 

I 


2.17 
1.96 
1.96 
2.17 
2.17 
1.83 
1.62 
1.58 
1.35 
.83 


12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
31. 


May. '  June.  July. 


1.21 
1.25 
1.33 
1.50 
1.46 
1.50 
1.25 
.92 
.92 
1.04 


.92 

.75 
1.33 
1.67 
2.17 
2.33 
2.83 
2.62 
2.04 
1.67 


Day. 


22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


May. 


June.'  July. 


1.46 

1.62 



1.46 

1.00    

1.50 

(«)    ' 

1.25 

.60    

1.08 

.50    

.92 

1.42    

1.00 

1.60    

1.04 

1.67    

1.12 

2.00    

83 

■ 

a  Water  shut  off. 


Mean  daUy  discharge,  in  secondrfeet,  ofShanno  canal  at  North  Yakima,  Wash.,  for  190i. 


Day.           May. 

June. 

1 
July. 

Day. 

May. 

June. 

July. 

1 

1 

12 

53 

12 

21 

12 

,    22 

o 

10 
18 

46 

46  1 

13 

14 

23 
24 

8  ! 23 

3 

;       20 

25  ' 24 

4 

24 

20 

53 

15 

31 

33  ' 

25 

.'i. . 

22 

31 
48 

53 
42 

16 

17 

30 

..:     31 

54  ' 

96 

6 

!      20 

59  ' 27 

<•..... 

'      20 

36 
6 
6 

34  1 
34  ' 
23 

18 

19 

20 

23 

12 

..12 

7.>  1 1  28 

H      . 

20 

69 
49 

'  29 

9 

17 

'    30 

10 

18 

6 

10 

21 

16 

37; i31 

11 

:       18 

1 

0 

...... 

1 

1 

Day. 


May. 

June. 

July. 

30 

36 

30 

15 

31 

0 

23 

3 

17 

3 

13- 

28 

• 

15 

31 

16 

36 

18 

48 

10 

Rating  table  fnr  Shanno  canal  at  North  Yakima,  Wash.,  from  May  3  to  July  10,  1904- 


Gage 
heignt. 

Discharge. 
Secofui-feet. 

Gase 
heignt. 

Discharge. 
Second-feef. 

Gaffe 
height. 

Discharge. 
Second- Jce*. 

Gage 
height. 

Feet. 

Discharge. 

Feet. 

Feet. 

Feet. 

Second-/*  et. 

0.35 

0.0 

1.00 

14.8 

1.65 

36.1 

2.30 

58.2 

.40 

1.0 

1.05 

16.4 

1.70 

37.8 

2.35 

59.9 

.45 

2.0 

1.10 

18.0 

1.75 

39.5 

2.40 

61.6 

.50 

3.0 

1.15 

19.6 

1.80 

41.2 

2.45 

63.3 

.55 

4.0 

1.20 

21.2 

1.85 

42.9 

2.50 

65.0 

.60 

5.0 

1.25 

22.9 

1.90 

44.6 

2.55 

66.7 

.65 

6.0 

1.30 

24.6 

1.95 

46.3 

2.60 

68.4 

.70 

7.0 

1.35 

26.2 

2.00 

48.0 

2.65 

70.1 

.75 

8.0 

1.40 

27.8 

2.05 

49.7  ' 

;      2.70 

71.8 

.80 

9.0 

1.45 

29.5 

2.10 

51.4 

:      2.75 

72.5 

.85 

10.0 

1.50  , 

31.2 

2.15 

.  53.1 

2.80 

74.2 

.90 

11.6 

1.55 

32.8 

2.20 

54.8 

2.85 

75.9 

.95 

13.2 

1.60 

1 

34.4 

2.25 

56.5 
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The  preceding  table  is  based  upon  3  discharge  measurements  made  in  1904.  It  is  well 
defined  between  gage  heights  0.80  foot  and  2.20  feet.  The  tabic  has  been  extended  beyond 
these  limits. 

Estimated  monthly  discharge  ofShanno  canal  at  North  Yakima,  Wash.,  for  1904- 

[Irrigated  area,  1,000 acrea] 


Month. 


April  16-30  « 

May 

June  '^ 

July  <• 

August 

September. . . 
October  1-15. 


Discharge  in  second-feet. 


Maxiraum. 


Minimum. 


The  period. 


31 
75 
53 


10 

2 

10 


75 


Mean. 

20.0 
21.0 
29.1 
30.0 
30.0 
19.0 
15.0 

24.4 


Total  in 
acre-feet. 


Depth  of 

run-off  in 

inches,  ovor 

irngaU><l 

area. 


595 
1,291 
1,616  ' 

1,845  I 

1,845  I 

1, 131  I 

446 


7.14 
15.5 
19.4 
22.1 
22.1 
13.6 

5.35 


8,769  105.2 


a  ICstimated  April  16  to  May  2.     b  Water  shut  off  two  days,    c  After  July  10  supplied  by  Power  canal. 

UNION    CANAL   AT   NORTH    YAKIMA,  WASH. 

This  canal  heads  in  Naches  River  in  two  places  about  one-half 
mile  apart  on  the  right  bank  in  sec.  11,  T.  13  N.,  R.  18  E.  It  is  a  ver^- 
old  canal,  having  first  taken  water  from  the  Naches  River  in  1S69. 
No  appropriation  was  ever  made  for  it,  but  the  Union  Canal  Company 
agree  to  supply  3,000  miner's  inches  to  its  shareholders  and  40  inches 
to  private  parties.  The  two  branches  unite  about  three-fourths  mile 
below  the  upper  head  works.  In  section  13  the  Union  canal  crosses 
the  wastewav  of  the  Power  canal  and  takes  some  additional  water 
from  it.  From  the  Power  canal  to  a  point  on  Naches  avenue,  in  sec.  1  s, 
T.  13  N.,  R.  19  E.,  a  distance  of  about  a  mile,  it  is  known  as  the 
Mill  ditch.  Here  it  leaves  the  Mill  ditch,  taking  about  half  its  flow, 
and  continues  south  along  Naches  avenue.  The  water  remaining  in 
the  Mill  ditch  is  returned  to  the  wasteway  of  the  Power  canal. 
The  Union  canal  spills  into  Yakima  River  in  sec.  32,  T.  13  N.,  R. 
19  E.  Its  waste  here  is  about  1.5  per  cent  of  the  water  taken  in  at 
the  head-gates.  The  town  of  North  Yakima  uses  water  from  this 
canal  for  the  irrigation  of  shade  trees. 
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Diukarge  meaaurtmenU  of  Union  canal  at  upper  head  toorka,  at  North  Yakima,  Waah.,  in  1904. 


Date. 


Hydrographer. 


May  5. . . 
May  6.. 

June  16. 
July  12. 


G.  F.  Harley 
G.  H.  Biias . . 

do 

do 


width. 


Area  of 
seotlon. 


Mean 
velocity. 


FeH. 


8 
8 
6 
6 


3q.  feet.  ,  Ft.  per  tec. 
7.2  2.10 

8.0  2.04 

5.2  I    ■       .72 

2.8  I         1.00 


Oaoe 

helgnt. 


Feet. 

0.83 

.02 

.42 

.33 


Die- 
charge. 


8ec.-/eet, 

15.2 

16.4 

3.8 

2.8 


Mean  daUy  gage  height,  in  feet,  cf  Union  canal  at  upper  head  toorka,  at  North  Yakima,  Waah., 

for  1904. 


Day. 

May. 

June. 

0.33 
.33 
.33 
.33 
.33 
.33 
20 
.33 
.33 
.33 
.50 
.50 
.58 
.58 
.58 
.79 

July. 

0.67 
.58 
.87 
.71 
.50 
.50 
.46 
.42 
.33 
.42 
.37 
.25 
.25 
(«) 
(•) 
(•) 

Aug. 

0.17 
.17 
.33 
.17 
.17 
.17 
.17 
.17 
.42 
.33 
.17 
.17 
.17 
.12 
.08 
.50 

fi 

Sept 

0.25 
.33 
.25 
.17 
.08 
.08 
.08 
.12 
.08 
.08 

Water 

t 

<         Day. 

May. 

June. 

0.42 
.42 
.42 
.37 
.42 
.46 
.42 
.37 
.37 
.37 
.50 
.50 
.50 
.58 

July. 

0.17 

(») 

(») 

(-) 
.17 
.50 
.33 
.25 

(«) 

(•) 
.33 
.17 
.08 
.17 
.17 

Aug. 

0.50 
.42 
.42 
.42 
.37 
.25 
.25 
.17 
.17 

(«) 
.17 
.25 
.58 
.58 
.37 

Sept. 

1 

17 

0.50 
.50 
.42 
.33 
.42 
.25 
.25 
.33 
.25 
.33 
.42 
.33 
.33 
.42 
.33 

2 ' 

18 

3 

0.83 

.02 

1.00 

1.00 

(•) 
.50 
.50 
.42 
.42 

1.25 
.50 
.50 
.50 

19 

4 

20 

5 

.  21 

6 

'22;;;:;;;;:;;; 

7 

23 

• 

8 

24 

9 

26 

10 

26 

11 

27 

28 

12 

13 

29 

14 

30 

15 

31 

16 

1 

shut  off. 

Mean  daUy  diaehargt,  in  aeeondrfeet,  of  Union  canal  at  upper  head  worka,  at  North  Yakima, 

Waah.,  for  1904. 


Day. 


May.  I  June. 


1 '  3 

2 1  3 

3 15  3 

4 16  3 

5 22  3 

6 22  3 

7 0  2 

H 5  3 

a 5  3 

10 4  3 

U 4  5 

12 35  5 

13 5  6 

14 5.  6 

15 5'  6 

16 5  14 


July. 


Aug. 


0 
6 
9 
9 
5 
5 
4 
4 
3 
4 
3 
2 
2 
0 
0 
0 


Sept. 


Day. 


May.    June.    July.     Aug.     Sept 


0.5 
5 


2 

1 
17 

3 

18 

2 

'  19 

1 

1 
20 

.5 

21 

.5 

22 

.5 

23 

1 

24 

.5 

25 

.5 

26 

1 

27 

1 

28 

29 

30 

31 

5 

4 

1 

5 

4  ' 

0 

4 

4 

0 

3 

3 

0 

4 

4' 

1 

2 

5  1 

5 

2 

4 

3 

3 

:j 

2 

2 

3 

0 

3 

3 

0 

4 

5 

3 

3 

5 

1 

3 

5 

4 

6 

1 

3 

1 

5 


4 
4 
4 

3 : 
2 

:■ 

1 

0 

1 

2 ' 

7 

7 

3 


IBR  135— 0&^ 


•11 
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STREAM    MEASUREMENTS    IN    1904.   PART    XII. 


[NO.  136. 


Discharge  measuremerUs  of  Union  canal  at  lower  head  works^  at  NorOi  Yakima,  Wash.,  in 

1904. 


Date. 


Hydrographer. 


Width. 


June  16'' I  G.H.  Bliss 

July  12  (' do 


August  12  (' 


J.  C.  Dry 


June  28'' do 

July  16  *> do 

iSeptember  14  '^ do 


Area  of 
section. 


Feet. 

Sq.  feet. 

13 

17.6 

13 

19.0 

13 

20.- 4 

10 

23.0 

10 

23.4 

10 

21.1 

Mean 
velocity. 

Gage 
height. 

Feet. 

Dis- 
charge. 

Ft.  per  sec. 

Sec.  Jfti. 

2.27 

1.92 

40.0 

1.71 

1.70 

:C5 

1.89 

2.04 

38.5 

1.84 

2.02 

42.4 

1.70 

1.92 

39.4 

1.63 

1.80 

34.5 

a  At  the  head  works. 
Mean  daily  gage  height,  in  feet  j  of  Union 


&  Below  the  mill  ditch. 


canal  at  lower  head  works ^ai  North  Yakima,  Wa^h., 
for  1904. 


Day. 

May. 

June. 

1.92 
1.83 
1.92 
1.92 
1.92 
2.00 
1.83 
1.92 
1.92 
1.67 
1.67 
1.92 
1.92 
2.00 
2.00 
2.08 

July. 

Aug. 

1 

1.50  1 

1.58 

2.08 

2.00 

2.00  1 

2.00 

2.08  ' 

2.33 

2.17  ' 

2.17  1 

2.00 

2.17 

1.92 

2.00 

2.00 

1.92 

Sept. 

1.67 

1.67 

1.67 

1.50 

1.50 

1.50 

1.67  , 

1.67 

1.67 

1.67 

1.58 

1.58 

1.00 

1.54 

1.42 

1.50 

Day. 

May. 

June. 

2.00 
2.08 
2.00 
1.96 
1.83 
1.92 
1.92 
1.67 
1.67 
1.67 
1.83 
2.00 
2.17 
2.08 

July. 

1.67 
1.67 
1.50 
2.33 
2.08 
2.00 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.58 
1.58 
1.50 

Aug. 

1.92 

1.83 

1.67 

l.«7 

1.50 

1.50 

1.50 

1.17 

1.17 

I.OO 

1.67  , 

1.00 

2.00 

1.67 

1.83 

Sept. 

1 

1.92 
1.92 
2.00 
2.00 
2.00 
1.92 
1.92 
1.83 
1.75 
1.83 
1.83 
1.67 
1.42 
1..33 
1.67 
1.67 

17 

18 

1ft 

^ 

21 

22 

2.00 
1.83 
1.92 
1.92 
2.00 
2.00 
1.92 
1.83 
1.75 
1.83 
1.83 
1.92 
1.92 
1.92 
1.92 

1..10 

2 

l.."rfj 

8      

1   .V) 

4...*. 

l.'^i 

5 

1.42 

r% 

0.67 
1.33 
i.Xi 
1.42 
1.42 
1.75 
2.00 
1.83 
2.00 
2.08 
2.00 

1.67 

7 

23 

I.Ki 

S 

24 

i.>a 

9 

25 

1.7.> 

10 

26 

1..V 

n 

27 

l.«7 

12 

28 

l.K) 

13 

29 

2.00 

14 

30 

2.17 

15 

31 

16 

Mean  daUy  discharge,  in  second-feet,  of  Union  canal  at  lower  head  works,  at  North  Yakima, 

Wash.,  for  1904. 


Day. 

May. 

June. 

July. 
39 

1 
Aug. 

28 

1 

Sept. 
33 

Day. 

May. 

40 

June. 

July. 
33 

Aug. 
39 

Sept. 

1 

39 

17 

40 

2» 

2 

35 

39 

28, 

33 

18 

35 

41 

33 

35' 

2S 

n 

39 
39 
39 
40 
35 
39 

40 
40 
40 
39 
39 
3.5 

41 
40 
40 
40 

41 
47 

33  , 

28 

28' 

28l 

33, 

33 

19 

20 

21 

39 
39 
40 
40 
39 
35 

40' 

40 

35  , 

39 

39 

33 

28 
47 
41 
40 
33 
33 

33 

33| 

28, 
28 

28< 

»! 

•N 

4 

2R 

T) 

2ft 

0 

9 
24 
24 

22 

xi 

/....... 

23.: 

24 

;v. 

8..; 

.^•» 

9 

26 
26 

39 
33 

34 
3.5 

43 
43 

33 
33' 

25 

26 

34 
35 

33 
33 

33 
33 

20 
16 

:i4 

10 

•> 

11 

:u 

Xi 

3.-) 

41 

28      27 

35 

35 

33 

33 

Xi 

12 

40 

.?r. 

.^^ 

43 

28  il  28 

16      2Q 

39 

40 

.13 

16  1 

a.5 

l.'l   . 

40 
41 
40 

40 
40 

26 
24 
33 
33 

39 
40 
40 
39  ' 

39 
39 

39 

1 

1 

43 

41 

30 
30 
28 

40 
33 

35    . 

1 

i 

40 

14 

28 

30 

44 

15 

26 

28 

1 

31 

16 

Rf)«S,  WHISTLER 
AND  NOBLE. 
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EHimated  moiMy  di&ckarge^  of  Union  oamd  at  North  Yakima^  Wash.,  for  1904- 

[Irrigated  area,  2,000  acres.  ] 


Month. 


April  16-30 ''. . 

May 

June 

July 

August 

September 

October  1-15  ^ 


The  period. 


Diecharge  In  seeond-feet. 


Maxtraara. 


46 
53 
50 
48 
36 


Minimum. 


24 
36 
28 
16 
16 


Total  in 
acre-feet. 


53 


35.0 
41.7 
30.0 
37.3 
36.9 
32.0 
30.0 


1,041 
2,564 
2,321 
2,294 
2,269 
1,904 
893 


16 


36.6  I       13,290 


Depth  of 

run-off,  in 

inches,  over 

irrigated 
area. 


6.24 
15.4 
13.9 
13.8 
13.6 
11.4 

5.35 


79.7 


<■  Sum  of  dlschaige  at  the  two  intalces. 


b  Estimated. 


TOWN   CANAL  AT   NORTH   TAKIMA,  WASH. 

This  canal  heads  in  Naches  River  on  the  right  bank  one-eighth  mile 
above  the  Northern  Pacific  Railway  bridge  and  three-fourths  mile 
above  the  mouth  of  the  river.  It  is  the  property  of  the  town  of  North 
Yakima  and  is  used  chiefly  for  the  irrigation  of  shade  trees.  It  irri- 
gates also  about  640  acres  of  land. 

Discharge  meaguremerUs  of  Town  canal  at  North  Yakimaf  Wash.,  in  1904,. 


Date. 

Hydrographer. 

Wld 

Fei 

1 

1 

^h     ,   Area  of 
*"•    '   section. 

1 

Mean 
velocity. 

1 

height.   '  c 

Di8- 

harge. 

ec.-feet. 
12,0 
13.9 

May  5 

July  12 

..    G.H.BlisH 

do 

gage  height,  in  feet,  of 

8 
8 

J.  feet.  ; 
11.5 
11.1 

NoHh 

Ft.  per  9€c. 
1.04 

1.25 

Feet.       S 
1.83 
1.85 

Mean  daUy 

Town  canal  at 

Yakima,  Wash.,  for  1904. 

Day. 

May.      June. 

July. 

A 

LUg.      Sept. 

Oct. 

1 

• 

1.79 
1.79 
1.75 

2.04 
1.96 
2.00 
2.04 
1.96 
1.92 
1.83 
1.87 
1.71 
1.75 
1.71 
1.67 
1.83 
1.92 

1.92         2.00 

2.08 

2 

2.08         2.00 
1.92         1.92 
1.83         1.92 
2.00         1.87 

2.00 

3 

1.92 

4 

1.75 

1.75 

rt 

1.83 

1.92 

l.'W 

6 

1.75        2.00 
1.67         1.75 
1.71         1.58 
1.67         1.37 
1.62         1.92 
1.92         1.75 

2.50  '       1.83  '         1..50 

7 

2.33         1.83           1.42 

8 

2.50         1.75           1.33 

9 

2.42         1.75  '         1.25 

10 

2.  .37         1.83  ' 

11 

2.33         1.83    

12 

1.92         1.79 
1.92         1.75 
2.33         1.83 

2.33         1.83  1 

13 

14 

»..«•..... 

2.33         1.75  ' 

2.21         1.75    
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STREAM    MEASUREMENTS    IN    1904,   PART    XIT. 


[no.  135, 


Mean  daily  gage  height ,  in  feet,  of  Town  canal  at  North  Yakima,  Wash,,  for  1904 — Cont'd. 


15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


May.   I  June. 


2.29 
2.33 
2.33  I 
2.37  I 
2.33  I 
2.29  I 
2.67  ' 
2.67  I 
2.67  I 
2.54  I 
2.25  I 
1.92  , 
1.92  ' 
1.83  ' 
1.92  ' 
1.92  ' 
1.83 


1.79 
1.96 
2.00 
2.25 
2.08 
2.00 
2.00 
1.96 
1.92 
1.92 
1.92 
1.83 
2.00 
1.87 
2.04 
2.00 


July.       Aug. 


1.79 
1.75 
1.67 
1.50 
2.25 
2.33 
2.33 
2.08 
2.00 
2.00 
1.92 
1.92 
2.21 
2.00 
1.83 
1.67 
1.50 


2.21 
2.17 
2.17 
2.17 
2.17 
2.12 
2.08 
2.04 
2.00 
2.00 
1.96 
1.87 
2.01 
2.25 
2.17 
2.17 
2.08 


Sept.        Oct. 


1.67 
1.62 
1.58 
1.58 
1.58 
1.62 
1.67 
1.75 
1.83 
1.75 
1.67 
1.58 
1.58 
1.67 
2.21 
2.17 


Mean  daily  discharge,  in  second-feet,  of  Town  canal  at  North  Yaki7naf  Wash.,  for  190^. 


Day. 


May.      June. 


3 

4 

5 

12 

6 

11 

7 

10 

8 

11 

9 

10 

10 

10 

11 

13 

12 

13 

13 

13 

14 

16 

15 
16  I 
16 
16! 

15 
20  ' 
20  ' 
20  i 
20, 

l^ 
13 

13  I 

12  ' 

13  1 

13; 

12' 

I 


12 
12 
11 
11 
13 
13 
11 
10 
8 
13 

U  ' 

12 

11 

12 

12 

13 

13 

15 

14 

13 

13 

13 

13 

13 

13 

12 

13 

13 

14 

13 


■~  ~  — ™-     - 

— 

July. 

Aug. 

Sept. 

Oct. 

14 

13 

13 

13 

13 

14 

13 

13 

13 

13 

13 

13 

14 

12 

13 

U 

13 

13 

13 

9 

13 

17 

12 

9 

12 

16 

12 

9 

13 

17 

11 

8 

11 

17 

11 

^ 

11 

16 

12 

11 

16 

12 

10 

16 

12 

12 

16 

11 

13 

15 

11 

12 

15 

10 

......... 

11 

15 

*^ 

•  -  -  - 

10 

15 

10 

9 

15 

10 

•....,.. 

15 

15 

10  1 

16 

14 

10  1 

16 

13 

10  • 

14 

13 

11 

13 

13 

*^ 

13 

13 

» 

13 

13 

^^ 

..... 

13 

12 

10 

15 

'    13 

10 

13 

15 

10 

12 

15 

15 

10 

15 

15 

9 

15 

ROAS.  WHIOTLBR 
AND  NOBLE 
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165 


EHimaUd  nunUhiy  diachtufe  of  Town  canal  ai  North  Yakima ,  Wash.,  far  1904- 

[Irrigated  »na,  640  acres.] 


Month. 


April  ieV-30^ 
May 


Diaoharge  In  aeoond-feet. 


Maximum. 


June. 


Julv 

August 

September 

October  1-15  ^ 


The  period. 


20 
15 
16 
17 
15 
13 

20 


Minimum. 


Mean. 


10 

8 

9 

12 

10 

8 


10.0 
14.0 
12.3 
12.5 
14.5 
11.4 
10.0 


8 


12.5 


Totalin 
acre-feet. 


298 
861 
732 
769 
892 
678 
298 


4,528 


a  Estimated  April  16  to  May  4.  f>  Estimated  October  10-15. 

NORTHWESTERN   LIGHT  AND  WATER  OOMPANT's  PROPOSED  CANAL. 

This  company,  upon  October  3,  1904,  filed  upon  1,000  second-feet 
of  water  from  Naches  River,  just  below  the  mouth  of  Tieton  River, 
on  the  left  or  north  bank.  It  is  a  point  in  sec.  36,  T.  15  N.,  R.  16  E., 
which  is  at  the  head  works  of  the  Wapatox  canal. 

The  company  proposes  to  construct  a  large  canal,  the  flow  of  which 
will  be  used  to  generate  power.  The  canal  will  be  9  miles  long  and 
will  include  the  Wapatox  canal  throughout  its  length.  At  the  end 
of  the  9  miles  all  water  except  that  required  by  the  Wapatox  canal, 
will  be  spilled  back  into  the  river  at  a  point  just  above  the  intake  of 
the  Gleed  canal. 

CANAU  TAKING  WATER   FROM   YAKIMA,  TIETON,  AND   NACHES  RIVERS. 

Canals  taking  vxiierfrom  Yakima  River. 

Location. 


Canal. 


Below  Clealum  River  and  above 
Nacke9  River. 


Nearest  town. 


Head  works. 


Sec- 
tion. 


Town- 
ship. 


Range. 


Cascade 

West  Kittitas 
Town 


Thorp !  19N. 


do 

Ellensburg . 


Olsen do. 

Selab-Moxee 

Taylor 


Bdoto  Naches  River  and  above 
Atanum  Creek, 


North  Yakima . 
do 


33 

7 

18 

8 


19  N. 

18  N. 
18  N. 
14  N. 


Moxee  « 

Rabbftrd 

Fowler •. ' do 

Granger 1 do 


North  Yakima 
....do 


18 
18 


13N. 
13  N. 
13  N. 
13  N. 


17  E 
17  E 

17  E 

18  E 

19  E 


19  E 
19  E 
19  E 
19  E 


Bank  of 
river. 


Left. . 
Right. 
Left.. 
...do. 
...do. 
Right. 


I^ft. 

do. 

do. 

...do. 


Length  in 
miles. 


42i 

14 
30 


27 
44 


8 
7 
8A 


a  Contract,  1  second-foot  per  160  acres. 
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[NO.  18S. 


Canals  taking  water  from  Yakima  River — Continued. 


Canal. 


Below  Atanum  Creek. 

New  reservation  No.  2 

Old  reservation  No.  1 

Qovemment  canal  No.  3 

Sunnyalde  t> 

Gilbert 

Hatch 

ProBfler  Falls  e 

Ledbetter 

Rlona<< 

Kiona  Water  Supply  Co 

Kennewick  * 

Grosacup's 


Location. 


Nearest  town. 


Yakima 

do 

Toppenish . 

Yakima 

Toppenish . 

do 

Prosser 

do 

Kiona 

do 

Kennewick . 
Kiona 


Sec- 
tion. 


Head  works. 

Range. 


Town- 
ship. 


17 
28 
28 
28 
19 
30 


12  N 
12  N 
UN 
12  N 
UN 
ION 


10 


AN. 


3 
3 


ION 
ION 


19  R 

19  R 

20  E 
19  E 

aoE 

21  E 


26E 


27E 
27  E 


Bank 
river. 


Length  in 
of  '    milea. 


Right.. 

do. 

...do.. 

Left.. 

Ri^t.. 

...do.. 

...do. 

...do.. 

Left.. 

...do.. 

Right. 

Left.. 


•4i 

124 

4 
3fi 

7 

3 
10 


Canal. 


Appropriation. 


A  mount  in 
second-feet. 


Date. 


Bdow  Cleaium  River  and  above 
Nachea  River. 


Cascade . 


1  "; 


West  Kittitas. 

Town - 

Olsen 


000  Nov.  19,1903 
500  Feb.  28,1903 
,1889 


Area  under  canal. 


Proposed 


»  10,000     

None.    'Apr.  25,1880 


A  cret.  A  cre».  A  crea. 

None. 


Selah-Moxee . 
Taylor 


Beiow  Nachea  River  and  above 
Atanum  Creek. 

Moxee  ft 

Hubbard 

Fowler 

Granger 

Below  Atanum  Creek. 

New  reservation  No.  2 

Old  reservation  No.  1 

Government  canal  No.  3 

Bunnyside  b 

Gilbert 

Hatch 

Prosser  Falls  <• 

Ledbetter 

Klonarf 

Kiona  Water  Supply  Co 

Kennewick  f> 

Grosscup's 

Total 


150     Nov.    9,1900 
20     Mar.  24,1888 


150  I  Oct.    11,1892 
160  I  July   13,1802 


7.000  ' 

7,000 

None 

8,000  1 

10,000 

None 

1,200 

1,200 

None 

«,000 

A,  000 

None 

1,000  • 

1,400 

None. 

1,000  I  Feb.   19,1903 

None 

None 

1,000     Mar.  23,1801 
None 


3,500  I 
2,000  i 


4,500 
3,000 


None- 
Non<», 


2,700 
8,000 


(A)  

1,000     July   22,1892 
1,000  ,  Aug.  28,1889 


300  ;  Aug.    6,1891 
(0  do 


35,000 

3,000 

AOO 

1,200 


23,700 
17,000 

2,300 
M,000 

4.000 


1,800 

150 

6,000 


2,200 

3(W 

800 

150 

14,000 

3,G00 


i  53, 000 

Nooi>. 

None. 
il.'W.OUil 

Nooe. 

None. 

None. 

None. 
>  26,011) 

None. 

None. 

None. 


79,150 


165,110 


235,001) 


"Already  constnicted.  Length  as  proposed, 
65  miles. 

ft  (Contract,  1  second-foot  per  160  acres. 

<•  Power  canal.  Contract,  old,  I  second-foot 
per  160  acres:  new,  l  second-foot  per  120  acres. 

•t  Contract,  I  second-foot  per  100  acres. 

'"Acres  Irrigat/Hl"  inolude<l  in"  Acres  irrigable." 


/  From  Lake  Kachess. 

9  Yakima  River. 

h  Miner's  inches. 

i  Began  using  water. 

J  Additional. 

fc  \\\  river  at  this  point. 

M^ses  same  appropriation  ss  Kennewick. 


BOSS,  WHI8TLIR 
AND  NOBLK 
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Discharge  in  aecon 

d-feet. 
Sept. 

Oct. 
1-16. 

Canal. 

Apr. 
16-30. 

May. 

June. 

July. 

Aug. 

Aver- 
age. 

Below  Cleahun  River  and  above 
Nache*  River. 

Cajicade 

al25 

West  Kittitas 

50 
100 

50 
110 

63 

122 

48.8 
124 

62.2 
127 

66 
116 

56 

52 

Town 

116 

OlsnD 

14 

Selah-Moxee 

08 

77.8 

76.9 

69.6 

78.2 

72.6 

39 

74.9 

Taylor 

11 

Below  Nachet  River  and  above 
Atanum  Creek. 

Moxe6  * 

17 
18 
25 

18 
31 
34 

18.3 
24.1 
22 

10.3 
23.5 
23.6 

36.4 
37.4 
23 

30.7 
18.9 
33 

4 

16 
16 

21.1 

Hubbard 

24.8 

Fowler 

25.9 

GraoiEer 

18 

Below  Atanum  Creek, 
New  reservation 

20 
100 

27 
130 

49.1 
146- 

1 

86.4       69 

164      [  147 

...   .     1  -   -  -    - 

73.6 
100 

50 
90 

56.4 

130 

Government  canal  No.  3 

10 

Sunnvside  * 

496 
26 

629 
40 

561 
58.9 

685 
47.9 

610 
28.6 

524 
17 

456 
10 

547 

Gilbert 

35.1 

8 

Prosser  Falls  c 

190 

210 

214 

212      {  201 

195 

209 

Toa 

2 

Kiona<< 

17 

20 

20 

21.1       19 
1 

20.3 

21.3 

19.9 

19 

Kennewick  * 

63.6 

85.6 

101 

117      '  126 

126 

124 

107 

■ 

Total 

Total. 


303 


90 


1»130 
1,622 


Canals  takifig  water  from  Tieton  and  Naehes  ri\'>ers. 


Location. 


Canal. 


Nearest  town. 


From  Tieton  River. 

Sinclair  and  Cobb '  North  Yakima , 

I 

From  Naehes  above  Tieton  River. 

Selab  Valley  « !  North  Yakima . 

Small  ditches  (combined) 


Sec- 
tion. 


10 


Head  works. 
Town 


ship. 


14  N 


I 


Range. 


16  E . . 


35  !  15  N.J  16  E. 


From  Naehes  below  Tieton  and  above  \ 
Cowiche  Creek. 

Wapatox North  Yakima. 

Cor do 

Upper  Scott do 

Ijower  Scott do 

Fortune do 


36  ,  15  N  . .    16  E 


14  N..    17  E 


4  ,  14  N..    17  E 


9 

9 


14  N 

14  N 


17  E 
17  E 


Lenethin 
Bank  of      mHos. 
river. 


Ij^Xi 


I^ft . . 


20 


Left.  . 

Right 

...do. 

...do. 

...do. 


16 


n  Estimated  capacity  of  canal. 

h  Contract,  1  second-foot  per  160  acres. 

e  Power  canal.    Contract,  old,  1  second-foot  per  160  acres;  new,  1  second-foot  per  120  acrps. 

d  Contract,  1  second-foot  per  100  acres. 

*  Contract:  Old,  1  second-foot  to  160  acres;  new,  1  second-foot  to  inOaorps. 
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[KO.  185. 


Canals  taking  water  from  Tieton  and  Nackes  rivers — Continued. 


Canal. 


'  From  Nachet  below  Tieton  and  above 
Cowiche  Creek— Continued. 

La^woll 

Yakima  Valley 

Rhodenbach-Schuter 

Clark 

Lowry 

KeUy 

Oleed 

Monisey 

White  and  Leach 

MoCormlek 

Shearei^hapman 

Naches-Co  wiche 


From  Nachee  below  Coudche  Creek. 

BroadgaugB  c 

Power  e , 

Shanno  <» 

Union 

Town 


Location. 


Nearest  town. 


North  Yakima 
do 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


North  Yakima. 

....do 

do 

....do 

....do 


Head  works. 


Sec- 
tion. 


14 
24 


Town- 
ship. 


24 

25 
(«) 
(«) 
(6) 
0 


10 
10 
11 
11 
12 


14  N 
14  N 
13N 
14  N 

14N 
14  N 

14  N 

14  N. 


13N 


13  N 
13  N 
13N 
13  N 
13N 


Range. 


17  E 

17  E 

18  E 
17  E 
17  E 
17  E 
17  E 
17  E 


18  £ 


18  E 
18  E 
18  E 
18  E 
18  E 


Band  of 
river. 


Right. 
...do. 
...do. 
Left.. 
...do. 
...do. 

do. 

...do. 
...do. 
...do. 
...do. 
Right 

Ri^t 
...do. 
...do. 
...do. 
...do. 


Lenffthin 
nmes. 


22 


3 

6 
8 
8i 


Appropriation. 


Arpa  under  canal- 


Canal. 


From  Tieton  River. 

Sinclair  and  Cobb 

From  Nachee  above  Tieton  River. 

Selah  Valley 

Small  ditches  (combined) 


Amount  in 
seoend-feet. 


800 


From  Nachea  below  Tieton  and  Obove 

Cowiche  Creek. 
Wapatox 

Cox 


Upper  Scott 

Lower  Scott 

Fortune 

LasweU 

Yakima  Valley 

Rhodenbach-Schuler . 

Clark 

Lowry 

KeUy 


aieed 

Iforrisey 

White  and  Leach. 

MoCormick 

Shearer-Chapman . 
Naches-Cowlche . . 


30 


1,000 

/5,000 

150 

5 

/1,500 

/  2,000 


100 
/300 


100 


Date. 


Irrigated. 


Not.  13,1888 


Aerea. 
320 

6,000 


Apr.  13,1888 


Apr.  23,1892 


Mar.  22,1804 

1882-1802 

Mar.    6,1880 

,1884 


Apr.  1,1889 
Nov.  13,1894 


Feb.  9,1895 


1,400 
60 
200 
150 
200 
275 

3,600 
300 
400 
300 
500 

1,400 
300 
200 
200 
400 

1,500 


Proposed 
Irrigable.  |  «rten«ion. 


Acres.  Acres. 

320  1      NODf:. 


9,500 


2,000 
210 
600 
400 
400 
650 

4,200 
300 
450 
400 
600 

1,400 
400 
300 
200 
400 

1,500 


<<«  5,000 
None. 


<f  3,000 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
N<Hie. 
None. 
None. 
None. 
None. 
None. 
None. 


a  About  2  miles  below  Oleed  canal. 
f>  About  4  miles  below  Oleed  canal. 
*>  Property  of  the  Northwestern  Light  and  Power  Company. 


<<  Additional. 

«  Pine  line  extensiona. 

/Miner's  inches. 


ROflB,  WHlVrLSK 
AND  NOBLS 


[*']        COLUMBIA   RIVBR    DRAINAGE    BASIN. 
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CanaU  taJcing  waUr/rom  Tieton  and  Nadus  rivera — Continued. 


CaoAl. 


From  Naeket  below  Cowiche  Creek. 
Broadgauge 

Power 


Shanno 
Union  . . 
Town... 


Appropriation. 


Amount  in 
80oond*fMt. 


Data. 


18 ,  1885 

4fi0  Oct.      1,1888 

400  Jan.     8,1002 

ao  * .1870 

(a)        I  None.b   i 


Area  under  canal- 


Irrigated. 


Aeret. 
fiOO 

2S0 

1,000 

2,000 

040 


Irrigable. 

JLcret, 
800 

2S0 

i,eoo 
s,ooo 

040 


Total. 


I 


22,000 


I 


30,520 


Proposed 
extendon. 


Acrea. 
None. 

None. 

None. 
None. 


Canal. 


From  Tieton  River, 

Sinclair  and  Cobb 

From  Naehee  above  Tieton  River. 

Selah  Valley 

Small  ditches  (oombined) 


From  Naehet  below  Tieton  and  above 
Cowiche  Creek. 

Wapatox 

Cox 


Upper  Scott 

Lower  Scott 

Fortune 

LasweU 

Yakima  Valley 

Rhodenbacb-Schuler . 
Clark 


Discharge  in  seoond-feet. 


Apr. 
16-30. 


ICay.  June. 


45        50 


20.0     40.0 


83.3 


37.2 


40.0 


46.8 


Lowry 

KeHy 

Oleed '  40       66 

If  orriaey 

White  and  Leach 

McCormick 


55.3 


61.1 


Shearer-Chapman . 
Naches-Cowicbe . . 


J^rom  Nackee  beiow  Cowiche  Creek, 


Broadgau^B. 

Power 

Shanno 

Union 

Town 


Total. 


.1, 


30.0     42.0 


4.0 
170 


5.5 
174 


20.0  I  21 
35      i  41.7 
10         14 


38.9 

rfl7.0 
178 

29.1 

30 

12.3 


July. 


60.5 


29.0 


Aug. 


80.7 


37.0 


Sept. 


80.8 


20.1 


62.5       77.5  I    60.8 


55.9 


69.4       38.8 


Oct. 
1-15. 


60.0 


14.8 


Aver- 
age 


Total. 


43.4 


28.0 


38.9  I    53.5  '    29.1 


<'15.9 

176 
"30 

37.3 
12.5 


24.0 


<'16.3 

dlO.O 

d8.0 

180 

190 

196 

rf30      Id  19 

^15 

36.9 

33.0 

30.0 

14.5 

11.4 

10.0 

72.0 
15 


31.2  , 
4  ' 
7      ', 

10 
7 

10 

57.4    . 
6 
5 

15 
(^30 

54.2 

«6 

<?8 

c& 
6 

38.4 


dll.S 

183 

(i24.4 

36.6 

12.5 


87 


300 


<268 


«HA0 


o  Agrees  to  deliver  3,000  inches. 

^Ivtt  used  water,  1869. 

«  Partly  sewage  water  from  canals  above. 

<f  From  Power  canal. 

«  Forty  aeoondrfeet  estimated  amount  included  in  discharge  of  other  canals  drawing  from  Power  canal. 
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[NO.  135. 


SNAKE   RIVER    (NORTH   FORK)    NEAR   ORA,  IDAHO. 

This  station  was  established  August  20,  1902,  by  N.  S.  Dils,  and  a 
temporary  gage  was  set.  It  is  located  at  the  North  Fork  Bridge,  2 
miles  south  of  Ora  and  10  miles  above  St.  Anthony,  Idaho.  A  per- 
manent vertical  gage  was  set  on  October  6,  1904,  by  William  G. 
Da  vies.  The  zero  of  this  permanent  gage  is  at  the  same  elevation  as 
the  zero  of  the  temporary  gage.  This  gage  consists  of  a  2  by  12  inch 
plank  securely  spiked  to  the  first  bridge  pier  from  north  abutment. 
This  plank  is  beveled  on  one  edge.  The  gage  is  graduated  to  feet  and 
half  tenths  painted  white,  and  marked  with  United  States  Geological 
Survey  name  plate.  The  observer  is  Mrs.  Martha  J.  Fritz.  The  initial 
point  for  soundings  is  a  bolt  through  the  toe  of  the  end  brace  on  the 
lower  side  of  the  north  end  of  the  bridge.  The  bridge  is  210  feet  long. 
It  consists  of  four  spans  resting  on  three  rock-filled  crib  piers.  Meas- 
urements are  made  from  the  lower  side  of  this  bridge.  The  channel  is 
straight  both  above  and  below  this  station.  The  banks  are  high  and 
do  not  overflow.  The  bed  of  the  stream  is  hard  gravel,  quite  smooth, 
and  not  Uable  to  change.  The  current  is  swift.  Bench  mark  No.  1  is 
a  United  States  Geological  Survey  aluminum  tablet  set  in  a  large  rock 
about  30  feet  northeast  from  north  end  of  bridge.  Its  elevation  is 
12.84  above  zero  of  gage.  Bench  mark  No.  2  is  a  cross  on  a  lai^ 
flat  rock  marked  "  B.  M.'^  25  feet  northeast  from  north  end  of  bridge. 
Its  elevation  is  11.10  feet  above  zero  of  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  D.  W.  Ross,  district  engineer. 

Discharge  measurements  of  Snake  Rimr  {NorJc  Fork)  near  Ora,  Idaho ^  in  1904. 


Date. 


llydrographer. 


Width. 


Feft. 


Arsaof 


Mean 


section.  ,   velocity. 


April  12 1  F.  S.  Stwkton I  177 

May  3 ' do 177 

May  17 Wm.  G  Davies 178 

July  11 do 177 


Sg.feet.  \Ft.per»ec. 
361  ,        3.31 

593  ,  5.37 
717  '  6.45 
423  ;        3.60 


Qase  Difi- 

heignt.    |  charge. 


Feel,      i  See.-feet. 
2.  1   '        1,  IM 


3.3 
4.1 
2.4 


3,18.3 
4,623 
1,523 


ROW,  WHiarrLER, 

AND  NOBLE 


!"-] 


COLUMBIA    BIVER   DBAINAOK   BASIN. 
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Mean  daUy  ga^e  height  j  in  feet  ^  of  Snake  River  (North  Fork)  near  Ora^  IdahOffcr  190^. 


Day. 

1 

1  Jail. 

Feb. 
2.0 

Mar. 
2.0 

Apr. 
1.9 

May. 
3.0 

June. 
3.3 

July. 
2.5 

Aug. 
2.3 

Sept. 
2.2 

Oct. 
2.2 

Nov. 

I>ec. 

1 

1 
2.0 

2.2 

2.1 

2 

2.0 

2.0 

2.0 

1.9 

3.3 

3.3 

2.5 

2.3 

2.2 

2.2 

2.2 

2.1 

3 

2.0 

2.0 

2.0 

1.9 

3.3 

3.5 

2.5 

2.3 

2.2 

2.2 

2.2 

2.1 

4....:... 

2.0 

2.0 

2.0 

2.0 

3.7 

3.3 

2.5 

2.2 

2.2 

2.2 

2.2 

2.1 

5 

.  .  .i      2.0 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

3.8 
4.2 

3.2 
3.2 

2.5 
2.6 

2.2 

2.2 

2.2 
2  2 

2.2 
22 

2.2 
22 

2.1 

6 

2.0 

2.1 

7 

2.0 

2.0 

2.0 

2.0 

4.1 

3.1 

'2.6 

2.2 

2.2 

2.2 

2.2 

2.1 

8 

2.0 

2.0 

2.0 

2.0 

4.0 

3.1 

2.4 

2.2 

2.2 

2.2 

2.2 

2.1 

9 

2.0 

2.0 

2.0 

2.0 

4.1 

3.1 

2.4 

2  2 

22 

2.2 

2.2 

2.1 

10 

2.0 

2.0 

2.0 

2.0 

4.2 

3.1 

2.4 

2.2 

2.2 

2.2 

2.2 

2.1 

u 

2.0 

2.0 

2.0 

2.0 

4.0 

3.0 

2.4 

2.2 

2.2 

2.2 

2.2 

2.1 

12 

2.0 

2.0 

2.0 

2.1 

4.0 

3.0 

2.4 

2.2 

2,2 

2.2 

2.2 

2.1 

13 

2.0 

2.0 

2.0 

2,2 

4.0 

3.0 

2.4 

2.2 

2.2 

2.2 

2.2 

2.1 

14 

2.0 

2.0 

2.0 

2.3 

4.1 

3.0 

2.4 

2.2 

2.2 

2.2 

2.2 

2.1 

15 

2.0 

2.0 

2.0 

2.4 

4.2 

2.9 

2.4 

2.2 

2.2 

2.2 

2.2 

2.1 

16 

2.0 

2.0 

2.0 

2.4 

4.1 

2.9 

2.4 

2.2 

2.2 

2.3 

2,2 

2.1 

17 

2.0 

2.0 

1.9 

2.3 

4.1 

2.8 

2.3 

2.2 

2.2 

2.3 

2,2 

2.1 

18 

2.0 

2.0 

1.9 

2.3 

4.1 

2.8 

2.3 

2.1 

2.2 

2.3 

2.2 

2.1 

19 

1      2.0 

2.0 

1.9 

2.4 

4.2 

2.8 

2.3 

2.1 

2.2 

2.2 

2.2 

2.1 

20 

2.0 

2.0 

1.9 

2.5 

4.5 

2.8 

2.3 

2.1 

2.2 

2.2 

2.2 

2.1 

21 

2.0 

2.0 

1.9 

2.5 

4.3 

2.7 

2.3 

2.1 

2.2 

2.2 

2.1 

2.1 

22 

2.0 

2.0 

1.9 

2.4 

4.2 

2.7 

2.3 

2.1 

2.2 

2.2 

2.1 

2.1 

23 

2.0 

2.0 

1.9 

2.3 

4.2 

2.7 

2.3 

2.1 

2.2 

2.2 

2.1 

2.1 

24 

2.0 

2.0 

2.0 

2.3 

4.0 

2.6 

2.3 

2.2 

2.2 

2.2 

2.1 

2.1 

25 

2.0 

2.0 

2.0 

2.3 

3.8 

2.6 

2.3 

2.2 

2.2 

2.2 

2.1 

2.1 

26 

2.0 

2.0 

2.0 

2.4 

3.5 

2.6 

2.3 

2.2 

2.2 

2.2 

2.1 

2,1 

27 

2.0 

2.0 

1.9 

2.5 

3.4 

2.6 

2.3 

2.2 

2.2 

2.2 

2.1 

2.1 

28 

2.0 

2.0 

1.9 

3.0 

3.3 

2.6 

2.3 

2.2 

2.2 

2.2 

2.1 

2.1 

29 

2.0 

2.0 

1.9 

2.9 

3.2 

2.5 

2.3 

2.2 

2.2 

2.2 

2.1 

2.1 

30 

2.0 

1.9 

2.9 

3.3 

2.5 

2.3 

2.2 

2.2 

2.2 

2.1 

2.1 

31 

2.0 

1 

1.9 

3.3 

2.3 

2.2 

2.2 

2.2 

Rating  iabUfcr  Snake  River  (North  Fork)  near  Ora^  Idaho,  from  January  1  to  December  31, 

1904. 


hei^. 

1 
Discharge. 

Gage 
height. 

1 
Discharge. 

1 

Second-feet. 

Gage 
,    height. 

1 
Discharge. 

Gage 
height. 

Feet. 

Discharge. 

Feet. 

1 

Second-feet. 

Feet. 

Feet. 

Second-feet.  ^ 

Second-feet. 

1.90 

1,020 

2.60 

1,900 

3.30 

3,160 

4.00 

4,420 

2.00 

1,110 

2.70 

2,080 

3.40 

3,340 

4.10 

4, 610 

2.10 

1,205 

2.80 

2,260 

3.50 

3,520 

4.20 

4,800 

2.20 

1,310 

2.90 

2,440 

3.60 

3,700 

4.30 

4,990 

2.30 

1,425 

3.00 

2,620 

3.70 

3,880 

4.40 

5,180 

2.40. 

1,555 

1 

3.10 

2,800 

3.80 

4,060 

4.50 

5,370 

2.50 

1,720 

3.20 

2,980 

3.90 

4,240 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  11  dis- 
charge measurements  made  during  1902  to  1904,  inclusive.  It  is  well  defined  between  gage 
heights  2.00  feet  and  4.10  feet.    The  table  has  been  extended  beyond  these  limits. 
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EsthnaUd  monihly  discharge  of  Snake  River  {North  Fork)  near  Ora,  Idahotfor  190^ 

[Drainage  area,  1,040  aquare  milee.] 


Month. 


January. . . 
Febniaiy. . 

March 

April 

May.. 

June 

July 

August 

September. 
October. . . 
November. 
December. 


The  year. 


Discharge  in  aeoond-feet. 

Total  in 
acre-feet. 

RunH 

Maxlmnm. 

Mlnlmnin. 

Mean. 
1,110 

Second-feet 

per  square 

miiR. 

1,110 

1,110 

68,250 

1.07 

1,110 

1, 110 

1,110 

63,850 

1.07 

1, 110 

1,020 

1,075 

66,100 

1.03 

2,620 

1,020 

1,448 

86,170 

1.39 

5,370 

2,620 

4,167 

256,200 

4.01 

3,520 

1,720 

2,458 

146,300 

2.36 

1,900 

1,425 

1,541 

94,750 

1.48 

1,425 

1,205 

1,301 

80,000 

1.25 

1,310 

1,310 

1,310 

77,950 

1.26 

1,425 

1,310 

1,321 

81,220 

1.27 

1,310 

1,205 

1,275 

75,870 

1.23 

1,310 

1,205 
1,020 

1,208 
1,610 

74,280 

1.16 
1.55 

5,370 

1, 171, 000 

Depth  in 
inches. 


1.23 
1.15 
1.19 
1.55 
4.62 
2.63 
1.71 
1.44 
1.41 
1.46 
1.37 
1.34 

21.10 


SNAKE   RIVEB   NEAR   MINIDOKA,  IDAHO. 

Ten  miles  above  the  gaging  station  at  Montgomery's  feny  occurs  a 
natural  dam  site,  from  which,  as  a  starting  point,  surveys  for  canal 
lines  have  been  run,  covering  the  large  extent  of  rolling  coimtry  sus- 
ceptible of  irrigation  on  both  sides  of  the  river.  Measurements  at 
Montgomery's  ferry  show  the  amount  of  water  available  for  irrigation 
purposes  there,  and  for  the  newly  constructed  Twin  Falls  canals 
heading  23  miles  below,  and  also  the  conditions  that  will  exist  for 
power  purposes  at  Shoshone  Falls,  about  45  nules  below,  after  the 
irrigable  lands  of  Snake  River  Valley  shall  have  been  reclaimed. 

This  station  was  originally  estabUshed  August  5,  1895,  at  Mont- 
gomery's ferry  on  the  stage  road  from  Minidoka  to  Albion,  Idaho. 

When  the  station  was  visited  on  October  14,  1899,  a  comparison 
was  made  of  the  gage  rod  with  the  bench  mark,  and  it  was  found  that 
the  rod  had  moved  to  a  considerable  extent,  due  to  the  action  of  the 
quicksand  on  the  inclined  portion  of  the  rod.  The  heights  as 
recorded  by  the  observer,  as  well  as  the  discharge  measurements, 
were  corrected.     Gage  readings  were  not  taken  during  1900.* 

The  station  was  reestablished  May  1,  1901,  and  the  gage  read  morn- 
ing and  evening  for  the  remainder  of  the  year.  Part  of  the  inclined 
gage  rod  which  had  been  moved  by  quicksand  was  corrected  August  9, 
1901,  and  all  previous  gage  readings  were  carefully  adjusted  to  corre- 
spond with  the  present  position  of  the  rod. 
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On  October  16,  1903,  the  gage  was  carefully  checked  by  means  of 
a  level.  Different  sections  of  the  gage  were  found  to  be  from  0.1  to 
0.3  foot  too  high.  The  gage  was  corrected  and  the  gage  heights 
adjusted  to  conform  with  the  old  gage  datum.  The  lower  sec- 
tion of  the  gage  is  an  inclined  4  by  4  inch  timber  and  reads  from 
zero  to  6^  feet.  The  upper  section  is  vertical  and  reads  from  6.8 
to  13  feet.  The  gage  is  read  twice  each  day  by  George  Montgom- 
ery, the  ferryman.  Discharge  measurements  are  made  from  the  ferry- 
boat. A  tagged  wire  has  been  stretched  above  the  ferry  cable.  The 
initial  point  for  soundings  is  the  cable  support  on  the  right  bank. 
The  channel  is  straight  for  300  feet  above  and  below  the  station  and 
has  a  width  at  the  ferry  of  about  800  feet.  Both  banks  are  high, 
without  vegetation,  and  are  not  liable  to  overflow.  There  is  but  one 
channel  at  all  stages.  The  bench  mark,  established  when  the  original 
gage  was  installed,  is  a  spike  in  the  east  post  of  the  tool  house  on  the 
right  bank.  The  spike  is  1 .2  feet  above  the  ground,  52  feet  west  of  the 
gage,  and  has  an  elevation  of  17.50  feet  above  the  zero  of  the  gage. 
The  letters  '*  B.  M.''  are  marked  in  black  paint  on  the  post. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  D.  W.  Ross,  district  engineer. 

Diseharge  measurements  of  Snake  River  near  Minidoka,  Idaho,  in  190^. 


Date. 


April  9. 
Mays. 


Hydrograpber. 


F.  Stockton. 
do 


Width. 


May  12 |  Wm.  G.  Davies. 

June  10 do 

July? J.B.Bond 


August  2 

August  13 

September  22 
October  30... 


do 

do 

Wm.  G.  Davies. 
do 


Feet. 
804 
840 
865 
881 
782 
817 
798 
800 
810 


Area  of 
section. 


Sq.  feet. 
3,709 
6,816 
7,524 
9,556 
6,476 
4,255 
3,215 
3,592 
4,034 


I 


Mean 
velocity. 

Oase 

height. 

Feet. 

Ft.  per  8ec. 

1.48 

2.90 

2.73 

6.40 

2.70 

7.05 

3.43 

9.30 

2.51 

6.70 

1.51 

3.50 

1.37 

2.20 

1.29 

2.68 

1.26 

3.21 

Dis- 
charge. 


Sec-feet. 

5,494 

18,590 

20,190 

29,860 

16,400 

6,794 

4,331 

4,655 

5,521 


Mean  daUy  gage  Kei^,  infest,  of  Snake  River  near  Minidoka,  Idaho,  for  190^. 

Oct.     Nov. 


Day. 

Jan. 

Feb. 

1., 

..     5.0 

3.0 

2.. 

..     5.0 

3.1 

3.. 

..     4.9 

2.85 

4.. 

..     4.85 

2.65 

5.. 

..     4.75 

2.6 

6.. 

..     4.6 

2.6 

7.. 

.J    4.46 

2.6 

8. 

..     4.3 

2.6 

9. 

..     4.16 

2.75 

I 


Apr.     May. 


3.4 

3.5 

3.55 

3.4 

3.4 

3.3 

3.3 

3.4 

3.55 


3.1 
3.1 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
2.95 


6.0 
6.1 
6.1 
6.2 
6.4 
6.6 
7.0 
7.1 
7.3 


June 


Aug. 

Sept. 
2.96 

3.65 

3.46 

3.16 

3.36 

3.3 

3.16 

3.3 

3.06 

3.3 

2.85 

3.16 

2.65 

3.1 

2.65 

3.1 

2.46 

-  3.1 

2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.9 
2.9 


Dec. 


3.2 

3.1 

3.2 

3.2 

3.2 

3.2 

3.2 

3.1 

3.2 

3.1 

3.2 

3.0 

3.2 

3.0 

3.2 

3.0 

3.2 

3.0 
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Mean  daily  gage  height,  in  feet,  of  Snake  River  near  Minidoka,  Idaho,  for  IdOJjf — Continued. 


1 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Juno. 

July. 

Aug. 

2.35 
2.25 

Sept. 

3.1 
3.0 

Oct. 

1 
Nov.  1 

Dee. 

10 

4.0 
3.9 

3.2 
(i3.9 

3.6 
3.6 

2.9 
2.9 

7.25 
7.15 

9.3 
9.3 

6.2 
6.1 

3.0 
3.0 

3.2 
3.2 

3.0 

u 

3.0 

12 

3.8 

a4.7 

3.7 

2.9 

7.1 

9.1 

6.1 

2.2 

2.9 

3.0 

3.2 

3.1 

13 

3.7 

a4.45 

3.6 

2.9 

7.4 

9.2 

6.0 

2.1 

2.9 

3.0 

3.2 

3.1 

14 

3.6 

a3.8 

3.5 

3.0 

7.6 

9.1 

5.9 

2.1 

2.8 

3.0 

3.2 

3.2 

15 

3.66 

3.8 

3.9 

3.35 
3.15 
3.0 

3.4 
3.3 
3.3 

3.15 
3.35 
3.6 

7.7 
7.8 
8.0 

8.9 

8.55 

8.4 

5.9 
5.8 
5.7 

2.1 
2.1 
2.1 

2.8 
2.8 
2.8 

3.0 
3.0 
3.05 

3.2 
3.2 

3.1 

3.2 

16 

3.2 

17 

3.2 

18 

4.0 

2.9 

3.3 

4.0 

8.1 

8.65 

5.55 

2.1 

2.8 

3.1 

3.1 

3.1 

19 

4.2 

2,75 

3.2 

4.35 

8.3 

8.75 

5.35 

2.1 

2.8 

3.1 

3.1 

3.0 

20 

4.2 

2.55 

3.2 

4.4 

8.3 

8.8 

5.15 

2.2 

2.8 

3.1 

3.1 

2.9 

21 

4.05 

2.7 

3.3 

4.5 

8.5 

8.6 

4.95 

2.35 

2.7 

3.1 

3.1 

2.9 

22 

3.95 

3.45 

3.4 

4.9 

8.9 

8.6 

4.75 

2.3 

2.7 

3.1 

3.1 

2.9 

23 

3.75 

3.3 

3.4 

5.3 

9.3 

8.6 

4.55 

2.3 

2.7 

3.1 

3.1 

2.9 

24 

3.65 

3.35 

3.4 

5.3 

9.65 

,    8.6 

4.35 

2.4 

2.7 

3.1 

3.1 

2.9 

25 

3.55 

3.25 

3.4 

5.1 

9.9 

8.5 

4.2 

2.45 

2.7 

3.1 

3.1 

2.95 

26 

3.5 

3.15 

3.3 

4.95 

10.2 

8.4 

4.15 

2.5 

2.7 

3.1 

3.1 

as.  45 

27 

3.4 

3.1 

3.3 

4.75 

10.6 

8.2 

4.05 

2.5 

2.7 

3.2 

3.2 

as.  85 

28 

3.3 
3.2 
3.1 

3.2 
3.3 

3.25 

3.2 

3.2 

4.8 

5.05 

5.55 

11.0 
10.8 
10.45 

7.65 
7.25 
7.05 

3.95 
J    3.85 
3.7 

2.6 
2.7 
2.7 

.    2.7 
1    2.8 
,    2.8 

3.2 
3.2 
3.2 

3.2 
3.2 
3.2 

■  4.25 

29 

a4.6 

30 

a4.85 

31 

3.1 

3.15 

10.2 

1 

3.65 

2.75 

1 

3.2 

a4.7 

oloe. 


Rating  table  for  Snake  River  near  Minidoka,  Idaho,  from  January  1  to  December  31,  190j^. 


1 

Gage 
heigit. 

1 

Discbarge. 

Oase 
heignt. 

Diacbarge. 

Gage 
beigbt. 

Discbarge. 

;   bel^t. 
1     Feet. 

Discharge. 

Feet. 

Second- feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Second-feet. 

2.00 

3,930 

3.50 

6,790 

5.00 

10,720 

7.00 

19,000 

2.10 

4,100 

3.60 

7,010 

5.10 

11,060 

7.20 

19,920 

2.20 

4,275 

'      3.70 

7,240 

5.20 

11, 410 

7.40 

20,840 

2.30 

4,450  ; 

'      3.80 

7,470 

5.30 

11,780 

7.60 

21,760 

,      2.40 

4,630 

3.90 

7,710 

5.40 

12,160 

7.80 

22.680 

2.50 

4,810 

4.00 

7,950 

5.50 

12,560 

8.00 

23,600 

2.60 

4,995 

4.10 

8,190  ' 

1 

5.60 

1 

12,960 

8.20 

24,560 

2.70 

1 

5,180 

4.20 

8,440; 

5.70 

13,360 

8.40 

25,520 

2.80 

5,370 

4.30 

8,690 

5.80 

13,760 

8.60 

26,480 

2.90 

5,560 

4.40 

8,950 

5.90 

14,180 

8.80 

27,440 

3.00 

5,750  ' 

4.50 

1 

9,220 

6.00 

14,600 

9.00 

28,400 

3.10 

5,950 

4.60 

9,490 

6.20 

15,460 

9.50 

30,800 

3.20 

6,150 

4.70 

9, 770  ' 

6.40 

16,340 

10.00 

33,200 

3.30 

6,360 

4.80 

10,070 

6.60 

17,220 

10.50 

35,600 

3.40 

6,570 

1      4.90 

10,390 

1 

1 

6.80 

18,100 

11.00 

38,000 

The  above  taole  is  applicable  only  for  open-channel  conditions.    It  is  based  upon  dis- 
charge measurements  made  during  1895  to  1904,  inclusive.    It  is  well  defined.    Above 
height  8.00  feet  the  rating  curve  is  a  tangent,  the  di£Fereiice  being  480  per  tenth. 
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EHimaied  monthly  diatharge  of  Snake  River  near  Minidoka,  Idaho^for  1904- 

[DraiDAge  area,  22,iM)0  square  mllos.] 


Month. 


Diaoharge  in  second-feet. 


Maximum.  ,  Minimum,  i    Mean. 

I 


January  ^ 
February- 
March 

April 

May 


7,240 
12,760 
38,000 
June 34,160 


July 

August 

September 

October 

November 

December 

The  year. 


18,100 
6,900 
6,360 
6,150 
6,150 


6,050 
5,560 
14,600 
19,230 
7,125 
4,100 
5,180 
5,370 
5,950 


6,050 

5,783 

6,534 

7,790 

24,520 

28,200 

12,970 

4,881 

5,576 

5,778 

6,083 

5,832 


Run-off. 


Total  in 
acr&-feet. 


Second-feet    t^«#u  i„ 


10,000 


372,000 
332,600 
401,800 
463,500 
1,508,000 
1, 678, 000 
797,500 
300,100 
331,800 
355,300 
362,000 
358,600 

7,261,000 


0.338  I 
.323 
.365 
.435 

1.37    I 

1.58 
.725 
.273  I 
.311 
.323  I 

.326 


0.390 
.348 
.421 
.485 
1.58 
1.76 
.836 
.315 
.347 
.372 
.379 
.376 


•  ddU 


7.61 


a  Disdiarge  estimated  January  1-31-February  11-14-Deoember  26-31  on  account  of  ice  goiiging. 

FALL  RIVER   AT   FREMONT,    IDAHO. 

This  station  supersedes  the  station  at  Wilson's  Mill,  near  Marysville, 
which  was  discontinued  December  31,  1903,  because  of  the  difficulty 
of  securing  an  observer.  It  .was  established  January  1,  1904,  when 
a  temporary  gage  was  placed  at  Fremont,  3  miles  below  Wilson's  Mill, 
and  readings  were  made  from  this  gage  until  October  28,  when  a  cable, 
car,  and  permanent  gage  were  installed.  The  gage  consists  of  a  4 
by  4  inch  timber  graduated  to  feet  and  tenths,  fastened  in  a  vertical 
position  by  anchor  bolts  and  vertical  braces.  It  is  painted  white 
and  marked  with  United  States  Geological  Survey  name  plate.  The 
gage  is  on  the  south  bank  of  the  stream,  about  900  feet  from  Fremont 
post-office.  The  zero  of  this  gage  is  at  the  same  elevation  as  the 
zero  of  the  temporary  gage.  The  observer  is  Mrs.  Eva  A.  Loomis. 
P.  Wilson  has  been  observer  of  the  Wilson's  Mill  gage  during  high 
water.  The  initial  point  for  soundings  is  a  tin  tag  marked  ''I.  P." 
on  the  inside  face  of  the  cable  on  the  south  bank  of  the  stream.  The 
cable  is  about  500  feet  below  the  gage.  The  channel  is  straight 
above  and  below  the  station.  Both  banks  are  high,  wooded,  steep, 
and  are  not  liable  to  overflow.  There  is  but  one  channel  at  all  stages. 
The  bench  mark  is  a  standard  aluminum  tablet  set  in  a  rock  20  feet 
from  the  gage.     Its  elevation  is  10.36  feet  above  the  zero  of  the  gage. 
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The  Brady  canal,  capacity  about  100  second-feet,  heads  in  the  right 
bank  of  the  river  between  Wilson's  Mill  and  the  Fremont  station. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  D.  W.  Ross,  district  hydrographer. 

Discharge  measuremerUa  of  Fall  River  at  Fremont^  Idaho,  in  lOOJ^ 


Date. 


Hydrographer. 


I 


May  19 |  W.  G.  Davies. 

June  28 do 

August  1 J.G.Bond... 

August  14 W.G.  Davies. 

October  28 do 


Width. 

Feel. 
115 
114 
112 
110 
140 


Area  of 
aeotloD. 


Sq./eet. 
640 
451 
300 
246 
209 


Mean 
velocity. 


Ft.  per  see. 
6.59 
4.62 
3.51 
3.04 
2.37 


Qafle 
height. 

Feet. 

«5.20 

«3.55 

«2.40 

«2.28 

C2A0 


Dlfl- 
charKe. 


Sec-feet. 

4,235 

2,096 

1,140 

^739 

496 


a  Gaged  at  Wilson's  MiU. 

b  Qage  at  Fremont  statioa  2.25.    Discharge  of  Brady  canal  85  second-feet.    Discliarge  at  Prerooot 
station  064  second-feet. 
o  Oaged  at  Fremont. 

Mean  daUy  gage  height,  in  feet,  of  Fall  River  at  FremorU,  Idaho,  for  190^. 


1. 
2. 
3. 
4. 

5. 

0. 

7. 

8. 

0. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


Jan.  .  Feb. 


2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

1.9 

1.9 

1.9 

1.9 

1.9  ' 

1.9 

1.9 

1.9  j 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 


1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 


Mar.     Apr.     May.  i  June.    July.  |  Aug.  ,  Sept 


1.8 

1.8 

1.8 

1.8 

1.8 

1.9 

1.9 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
2.0 
2.0 
2.0 
2.0 
2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 


1 

1.9      .... 

3.8 

1.9     .... 

...       3.8 

1.9      .... 

3.8 

1.9     .... 

...!      3.8 

1.9     .... 

3.7 

1.9     .... 

1.9      .... 

...'      3.7 

1.9     .... 

1.9     .... 

...       3. 7 

1.9      .... 

2.0      .... 

...       3. 7 

2. 1      .... 

3.6 

2,25    .... 

...       3.6 

2.25    .... 

...|      3.6 

2.5      .... 

...       3.6 

2.35    .... 

...i      3.6 

2.3      .... 

...       3.6 

2.3      .... 

...       3.6 

2.4      .... 

...'      3.6 

2.45    .... 

...       3.6 

2.4      .... 

...       3.6 

2.35    .... 

...       3.6 

2.3      .... 

3.6 

3.6 



3.6 

3.6 

.......  .......        3. 6 

3.6 

; 3.5 

3.5 

3.2  j 

2.4 

3.2 

3.2  1 

2.3 

3.2 

2.3 

3.2  ' 

2.2 

3.1  ' 

3.0  , 

3.0 

2.25 

' " 1 

2.25 

3.0  ' 

2.25 

.......' 

2.28 

3.0 

2.28 

2.28 

3.0 


2.8 


2.8 

2.7 
2.6 


2.5 


2.28 

2.25 

2.25 

2.25 

2.28 

2.3 

2.35 

2.35 

2.35 

2.3 

2.3 

2.28 


2.25 

2.25 

2.2 

2.2 

2.2 

2.18 

2.18 

2.18 

2.18 

2.18 

2.18 

2.18 

2.18 

2.18 

2.18 

2.18 

2.18 

2.18 

2.18 

2.18 

2.18 

2.15 

2.18 

2.18 

2.15 

2.15 

2.15 

2.15 

2.15 

2.15 


Oct.      Nov.      Dec. 


2.15 

2.1 

2.1 

2.15 

2.15 

2.18 

2.2 

2.2 

2.2 

2.2 

2.2 

2.15 

2.15 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 


2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 


2.1 

2.1 

2.1 

2.05 

2.05 

2.05 

2.05 

2.05 

2.05 

2.06 

2.05 

2.05 

2.05 

2.05 

2.a5 

2.05 

2.06 

2.06 

2.05 

2.05 

2.05 

2.05 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 


2.0 

2.n 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.03 

2.  a* 

2.(15 

i.OJ 

2.05 

2.03 

2.05 

2.05 

2.0 

2.0 

2.0 

2.0 

2.n 

-»-n 

2.0 

2.0 

2.0 

2-0 

2.0 

2.0 

2.0 


Note.— Gage  heights  from  June  1  to  August  8  are  based  on  gage  heights  at  Wilson  MiU  gage  and 
also  on  simultaneous  readings.    Gage  heights  from  October  16  to  22  are  interpolated. 
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TETON    ttlVER    NEAR    ST.    ANTHONY,    IDAHO. 

This  station  was  established  April  23,  1903,  by  N.  S.  Dils.  It  is 
loodted  at  the  bridge  on  the  stage  road  from  St.  Anthony  to  Victor, 
Idaho.  The  gage  is  a  vertical  2  by  12  inch  timber  8  feet  long,  spiked 
to  the  upstream  side  of  the  right  crib  abutment.  A  permanent  gage 
was  set  October  5,  1904.  This  gage  consists  of  2  by  12  inch  fir  tim- 
ber set  vortical  and  spiked  to  the  upstream  side  of  the  north  end 
abutment.  The  gage  is  graduated  to  half  tenths  of  a  foot;  the 
graduations  l)eing  marked  by  metallic  numerals  and  staples.  The 
gage  is  painted  white,  and  marked  with  a  United  States  Geological 
Survey  name  plate.  The  zero  of  this  gage  is  same  elevation  as  zero 
of  old  gage.  It  is  read  once  each  day  by  William  Ferguson.  Dis- 
charge measurements  are  made  from  the  two-span  bridge  to  which 
the  gage  is  attached.  The  bridge  is  supported  by  crib  abutments, 
constructed  of  logs,  filled  with  lava  rock  and  by  a  similar  middle  pier. 
The  initial  point  from  which  soundings  are  made  is  a  large  bolt 
marked ''I.  P.'' in  the  upstream  side  of  the  south  end  abutment. 
The  channel  is  straight  for  a  short  distance  above  and  below  the 
station.  The  right  bank  is  high,  and  will  not  overflow.  The  left 
bank  will  overflow  at  extreme  flood  stages.  The  current  is  sluggish. 
Botli  banks  and  bed  are  composed  of  hard  gravel,  and  the  latter  is 
permanent.  Bench  mark  No.  1  is  a  United  States  Geological  Sui'vey 
aluminum  tablet  set  in  soHd  rock  about  30  feet  northeast  of  north 
e.id  of  bridge.  Its  elevation  is  13.53  feet  above  the  zero  of  the  gage. 
Bench  mark  No.  2  is  a  cross  on  a  large  flat  rock  40  feet  northeast  of 
t'le  right  end  of  the  bridge.  It  is  marked  '*B.  M."  and  has  an  eleva- 
tion of  14.2.5  feet  above  the  zero  of  the  gage.  Bench  mark  No.  3  is  a 
similar  rock  60  feet  northwest  of  the  right  end  of  the  bridge.  It  is 
similarly  marked,  and  has  an  elevation  of  14.41  feet  above  the  zero 
of  the  gage. 

The  observations  at  this  station  during  1 904  have  been  made  under 
the  direction  of  D.  W.  Ross,  district  engineer. 

DMiarge  measure nierUft  of  Teton  River  near  St.  Anthony,  Idaho,  in  190J^. 


Dat«*. 


Ilydrographer. 


Anril  11 F.Stockton 

May  3 Stoc'kton  and  Murphy. 

June  22 Wm.  G.  Davios 

July  25 do 

Octolx?r  5 do 


Width. 

Fret. 

78 
78 
78 
78 
65 


Area  of 
section. 


Mean      ,     Gace     |      Di»- 
velocity.   .    height.       charge. 


Sq.feet.    Ft.  per  sec.       Feet.       Sec-feel, 


376 
394 
522 
384 
310 


2.29 

2.78 
4.95 
2.40 
1.65 


2.30 
2.60 
4.10  ' 
2.45  I 
1.70  I 


862 

1,077 

2,582 

921 

512 


iRR  135—05- 
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Mean  daily  gage  height^  in  feet,  of  Teton  River  near  St.  Anthony,  Idaho,  for  190^. 


Day. 

1 

2 

3 

4 

5 

6 

4 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan, 

3.00 
3.10 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 


2.70  1 

1 
2.70  1 

2. 70  1 

2. 70    

2. 70    

2.70 

1 
2.70    

2.70 

1              1 
2.70    1 

2.90    1 

2.90    

2.30 

3.00  ' 

2.30 

3.00  ! 

2.30 

3.00    

2.40 

3.00    

2.60 

3.10    

2.60 

3.10    

2.40 

3.10    

2.20 

3.10    

2.40 

3.10  1 

2.60 

3.10  1 

2.40 

3.00    

2.30 

3.00  i 

2.10 

3.00  t 

2.10 

3.00  ' 

2.00 

1 

2.00 
2.20 
2.60 
2.50 
2.40 

1 

1 

1 

' 

Feb.  I  Mar.     Apr.  I  May 


2.30 
2.50 
2.60 
2.80 
3.00 
3.00 
2.90 
2.70 
2.50 
2.70 
2.80 
3.00 
3.00 
3.10 
3.40 
3.30 
3.40 
3.60 
4.20 
4.40 
4.40 
4.80 
5.20 
5.60 
5.30 
4.60 
4.10 
4.00 
4.00 
4.10 
4.00 


June. 

4.10 
4.10 
4.10 
3!  80 
3.50 
3.40 
3.40 
3.40 
3.50 
3.80 
3.90 
3.60 
3.60 
3.60 
3.70 
3.90 
4.00 
4.10 
4.20 
4.20 
4.10 
3.90 
4.00 
3.80 
3.50 
3.20 
3.00 
3.00 
3.10 
3.10 


July.  I  Aug.     Sept.  '  Oct.  '  Nov.  '  Dec. 


3.30 
3.30 
3.30 
3.20 
3.10 
3.00 
3.00 
3.00 
3.00 
3.00 
2.90 
2.90 
2.90 
3.10 
2.90 
2.70 
2.70 
2.  CO 
2.50 
2.40 
2.50 
2.50 
2.  .50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.50 
2.30 
2.30 


2.20  I 
2.20  ' 
2.20  I 
2.10  I 
2.10  I 
2.10  I 
2.10  1 
2.10  ; 
2.00  I 
2.00 
2.00 
2.00  I 
2.00  ' 
2.00  I 
2.00  I 
2.00  I 
2.00  I 
2.00 
2.00  j 
2.00 
1.90  ' 
1.90 
1.90  ' 
1.90  I 
1.90  I 
1.90  I 
1.90 
1.90 
1.90 
2.00  I 
1.90  \ 


1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
l.«0 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.75 
1.70 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.75 
1.75 
1.75 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.65 
1.65 
1.65 
1.65 


1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.55 
1.55 
1.55 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 


1.50 

1..T0 
l..Tt) 

1.50 
l.M> 
l.«vi 
l.N) 
l.S) 

l.si) 

l.«» 

l.SO 

l.KO 
l.JSO 

i.m 

l.H) 
l.J*» 
1.70 
l.«i(i 
1.51} 
1.4n 
1.40 
1.40 
1.4<J 

i.7;i 

l.MI 
1.911 

i.yii 

2-  W 
2.10 


Rating  table  for  Teton  Rhvr  near  St.  Antftony,  Idaho,  from  January  1  to  December  SI,  19il4- 


Gage 
height. 

Discharge. 
Second-feet. 

'      Gaee 
1    height. 

1      Feet. 

1 
Discharge. 

Gage 
height. 

Fret. 

Discharge. 

'i 

1 

Gage 
height. 

Feet. 

1 
Diseharf!:^. 

Feet. 

Second-feet,  i 

Second-feet. 

Second-feti. 

1.40 

365 

'     2.50 

955 

3.60 

1,915 

1 

4.70 

3,550 

1.50 

410 

,     2.60 

1,020 

3.70 

2,035     1 

4.80 

3,740 

1.60 

460 

1     2.70 

1,085 

3.  80 

2, 160     1, 

4.90 

3,925 

1.70 

510 

2.80 

1,155 

3.90 

2,295    1; 

5.00 

4,115 

1.80 

560 

2.90 

1,230 

4.00 

2,435     1 

5.10 

4,  310 

1.90 

610 

1     3.00 

1,310 

4.10 

2,580     1 

5.20 

4,515 

2.00 

665 

3.10 

1,395 

4.20 

2,730     1 

5.30 

4,725 

2.10 

.  720 

i     3.20 

1,485 

4.30 

2,885 

5.40 

4,940 

2.20 

775 

'     3.30 

1,585 

4.40 

3,045 

5.50 

5,160 

2.30 

835 

1     3.40 

1,690 

4.50 

3,215    1 

5.60 

5,385 

2.40 

895 

,     3.50 

1,800 

4.60 

3.385    li 

11 

1 

ROAS 
A 
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EsHmaied  monthly  discharge  of  Teton  Rii^r  near  St.  Anthony,  Idaho,  for  1904' 

[Drainage  area,  tMO  square  miles.] 


Month. 


January  " 

February  1-25  « 

April  11-30 

May 

June 

July 

August 

September 

October 

November 

December 


Discharge  in  second-feet. 


Maximum.      Minimum.  {     Mean. 


1,395 

1, 395 

1,020 

5,385 

2,730 

1,585 

775 

610 

560 

460 

720 


1,085 
1,085 
665 
835 
1,310 
835 
610 
510 
485 
410 
365 


1,147 

1, 243 

858 

2,130 

2,058 

1,147 

667 

537 

520 

432 

512 


The  period. 


Run-off. 

Total  in 
acre-feet. 

Second-feet 

per  snuarc 

mile. 

Depth  in 
inches. 

70,530 

1.19 

1.37 

61, 640 

1.29 

1.20 

34,040 

.894 

.665 

131, 000 

2.22 

2.56 

122,500 

2.14 

2.39 

70,530 

1.19 

1.37 

41,010 

.  695 

.801 

31,  9.50 

.559 

.624 

31,970 

.542 

.625 

25,710 

.450 

.rm 

31,480 

.533 

.614 

652,  400 


a  Itlver  frozen;  discharge  probably  too  large. 
SNAKE   RIVER    (sOUTH    FORK)    AT    MORAX,    WYO. 

This  station  was  established  September  21,  1903,  by  Fred  Stockton. 
It  is  located  directly  back  of  the  post-office  at  Moran,  Wyo.,  and 
about  three-fourths  of  a  mile  below  the  outlet  of  Jackson  Lake.  A 
permanent  gage  was  set  on  October  23,  1904.  This  gage  is  a  4  by 
4  inch  timber  anchored  well  by  three  vertical  timbers.  This  gage 
is  inclined;  1.85  feet  along  the  gage  is  equivalent  to  1  foot  ver- 
tical. The  gage  is  graduated  to  half-tenths  of  a  foot  marked  with 
metallic  numbers  and  copper  staples;  painted  white  and  marked 
with  United  States  Geological  Survey  name  plate.  The  gage  is  read 
once  each  day  by  Lizzie  Roche.  Discharge  measurements  are 
made  from  a  car  and  cable  about  150  feet  below  gage.  The  ini- 
tial point  for  soundings  is  on  the  inner  face  of  cable  support  on 
north  side  of  river.  The  channel  is  slightly  curved  for  about  300 
feet  above  the  station.  Below  the  station  the  channel  is  straight. 
At  and  above  the  station  the  current  is  smooth  and  has  a  well-dis- 
tributed velocity.  Below  the  station  the  current  is  broken  by  small 
bowlders.  Both  banks  are  high  and  are  not  liable  to  overflow.  The 
right  bank  is  wooded  and  the  left  bank  is  composed  of  gravel  and  is 
without  trees.  The  bed  of  the  stream  is  composed  of  firm  gravel. 
There  is  but  one  channel  at  all  stages.  The  bench  mark  is  a  United 
States  Geological  Survey  iron  bench-mark  post  set  about  30  feet 
from  the  gage.     The  elevation  is  10.77  feet  above  zero  of  gage. 
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The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  D.  W.  Ross,  district  engineer. 

Discharge  measurements  of  Snake  Rh^er  (South  Fork)  at  Moran^  Wtfo.,  in  190^ 


Date. 


Hydrographer. 


Width. 


Area  of         Mean 
section.      velocity. 


June  26  « ]  Wm.  G.  Davies. 

September  1 «  . .  i do 

October  22 do 


Feet. 
395 
205 
190 


Sq.  feet.  Ft.  per  sec. 

1,609  4.31 

370  2.97 

487  1.09 


Gase 
leiRnt. 


heigl 


Dis- 
charge. 


Feet.      '  Sec.-frft. 
6. 16  I       6,  932 

■ 

1.95  I       1,101 
1.25  .  530 


a  Qaged  at  Slieffields  Bridge. 
Mean  daily  gage  height,  in  feet,  of  Snake  River  {South  Fork)  at  Moran,  Wyo.jfor  1904. 


Day. 

Jan. 

Feb. 
1.1 

Mar. 

1.2 
1.2 
1.2 
1.2 

Apr. 

1.5 
1.5 
1.5 
1.5 

May. 

1.9 
1.9 
1.9 
1.8 

June. 

July. 

.\ug. 

3.3 
3.3 
3.2 
3.1 

Sept. 

2.0 
2.0 
2.0 
2.0 

Oct.   1 

Nov. 

1.2 
1.2 
1.2 
1.2 

Dec. 

1 

1.2 

6.65 
6.65 
6.7 
6.65 

5.4 
5.3 
5.2 
5.1 

1.5 

1.5  I 

1.5 

1.5 

1.0 

2 

1.2  1      1.1 

•1.2         1.1 

1.1         1.1 

1.0 

3 

1.0 

4 

1.0 

5 

1.1  i       1.1 

1 

1.1         1.1 

1.2 
1.3 
1.3 
1.4 

1.5 
1.5 
1.4 

1.4 

1.9 
2.0 
2.1 
2.2 

6.5 
6.35 
6.1 
6.2 

5.0 
4.9 

4.8 
4.7 

3.0 
2.9 
2.8 
2.7 

2.0 
2.0 
2.0 
2.0 

1.5 
1.4 
1.4 
1.4 

1.1 
1.1 
1.1 
l.l 

1.0 

6 

1.0 

7 

1.1 

1-0 

8 

1.1          1.1 

1.0 

9 

1.1         1.1 
1.1         1.2 
1.1          1.2 

1.4 
1.4 
1.5 

1.3 
1.3 
1.3 

2.3 
2.3 
2.4 

6.1 
6.2 
6.2 

4.6 
4.5 
4.4 

2.7 
2.7 
2.7 

2.0 
2.0 
2.1 

1.4 

1.1 
1.1 
l.l 

1.0 

10 

1.0 

11 

1.0 

12 

1.1         1.2 

1.5 

1.3 

2.6 

6.2 

4.4 

2.6 

2.1 

1.3 

1.1 

1.0 

13 

1.1         1.2 

1.5 

1.3 

2.8 

6.3 

4.4 

2.6 

2.0 

1.3 

1.1 

1.0 

14 

1.1  1      1.2 

1.5 

.      1-4 

2.9 

6.3 

4.4 

2.6 

2.0 

1.3 

1.1 

1.0 

15 

1.1          1.2 

1.5 

1.4 

3.0 

6.4 

4.3 

2.5 

2.0 

1.3 

1.1 

1.0 

16 

1.1         1.2 
1.1         1.2 
1.1  .      1.2 

1.5 
1.5 

1.5 

1.4 
1.4 
1.4 

3.1 
3.1 
3.3 

6.4 
6.5 
6.6 

4.2 

4.1 
4.0 

2.5 
2.4 
2.4 

2.0 
2.0 
2.0 

1.3 

1.3 

i 

1.2 

1.1 
1.1 
1.1 

1.0 

17 

1.0 

18 

I.O 

19 

1.1         1.2 

1.5 

1.5 

3.5 

6.6 

3.9 

2.3 

1.9 

1.2 

1.0 

1.0 

20 

1.1,       1.2 

1.5 

1.5 

4.1 

6.7 

3.8 

2.3 

1.8 

1.2 

1.0 

1.0 

21 

1.1          1.2 

1.5 

1.5 

4.5 

6.7 

3.8 

2.3 

1.8 

1.2 

1.0 

1.0 

22 

1.1  '       1.2 

1.5 

1.6 

4.9 

6.7 

3.8 

2.2 

1.8 

1.1 

1.0 

1.0 

23 

1.1         1.2 

1.5 

1.6 

5.3 

6.5 

3.7 

2.2 

1.8 

1.2 

1.0 

1.0 

24 

1.1         1.2 

1.5 

1.6 

6.0 

6.3 

3.7 

2.2 

1.8 

1.2 

1.0 

1.<I 

2.5 

1.1  >      1.2 
1.1  '       1.2 

1.5 
1.5 

1.6 
1.6 

6.5 
6.7 

6.1 
5.9 

3.6 
3.6 

2.2 
2.1 

1.7 
1.7 

1.2 
1.2 

1.0 
1.0 

1  u 

2fi 

1.0 

27 

1.1         1.2 

1.5 

1.6 

6.6 

6.7 

3.6 

2.1 

1.7 

1.2 

1.0 

*       1.0 

2S 

1.1  '       1.2 
1.1         1.2 

1.5 

1.5 

1.7 
1.8 

6.5 
6.5 

5.6 
5.5 

3.5 
3.4 

2.1 
2.0 

1.6 
1.6 

1.2 
1.2 

1.0 
1.0 

'        1.0 

29 

1-0 

30 

M  •    Ji          •>•-••• 

1.6 

1.8 

6.6 

5.4 

3.4- 

2.0 

1.5 

1.2 

1.0 

1.0 

31 

1.5 

6.6 

....... 

3.3 

2.0 

1.2 



1.0 

RORS,  WHISTLER 
AND  NOBLE 
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Rating  table  for  SnaJct  River  (South  Fork)  at  Moron,  W]fo.,from  September  21  y  1903,  to 

December  31,  1904. 


Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Feet. 

Discharge. 
Second-feet. 

height. 
Feet. 

1 

;  Discharge. 

1 

Gage 
height. 

Feet, 

Discharge. 

Feet. 

Second-feet. 

Second-feet. 

1.00 

390 

2.50 

1,660 

4.00 

3,530 

5.40 

5,650 

!     1. 10 

440 

2.60 

1,770 

4.10 

3, 670 

5.50 

•   5,810 

,     1.20 

500 

2.70 

1,880 

4.20 

3,810 

5.60 

5,980 

1.30 

570 

2.80 

1,990 

4.30 

3,950 

5.70 

6,150 

1.40 

640 

2.90 

2,110 

4.40 

4,100 

5.80 

6,320 

1.50 

720 

3.00 

2,230 

4.50 

4,250 

5.90 

6,490 

1.60 

800 

3.10 

2,350 

4.60 

4,400 

6.00 

6,660 

1.70 

880 

3.20 

2,470 

4.70 

4,550 

6.10 

6,840 

1.80 

970 

3.30 

2,590     i 

4.80 

;      4,700 

6.20 

7,020 

1.90 

1,060 

3.40 

2,720 

4.90 

4,850 

6.30 

7,200 

2.00 

1,150 

3.50 

2,850 

5.00 

5,010 

6.40 

7,380 

2.10 

1,250 

3.60 

2,980 

5.10 

5,170 

6.50 

7,560 

2.20 

1,350 

3.70 

3,110 

5.20 

5,330 

6.60 

7,740 

2.90 

1,450    , 

3.80 

3,250 

5.30 

5,490 

6.70 

7,930 

2.40 

1,550 

3.90 

3,390 

1 

1 

i 

Estimated  monthly  discharge  of  Snake  River  (South  Fork)  at  Moran,  Wyo.,  for  1903  and  1904. 

[Drainage  area,  820  square  miles. ] 


Discharge  in  second-feet. 


Month. 


Maximum. 


1903. 
October 

November 

December 

1904. 
January 

Febraary 

March 

April 

May 

June 

July 

August 

September 

October •. . 

November 

December 

The  year. 


720 
640 
640 

500 

500 

720 

970 

7,930 

7,930 

5,650 

2,590 

1,250 

720 

500 

390 

7,930 


Minimum. 


640 
570 
500 

440 

440 

500 

570 

970 

5,650 

2,590 

1,150 

720 

440 

390 

390 

390 


Mean. 


Total  in 
acre-feet. 


674  ' 
596 

561  ! 

■I 

446  I 

481 

667 

714 

3,561 

7,190  ; 

3,869 

1,695 

1,059 

574 

428 

390 

1,756 


41,440 
35,460 
34,500 


27,420 

27,670 

41,010 

42,490 

219,000 

427,800 

237.900 

104,  200 

630,20 

35,290 

25,  470 

23,980 

1, 275, 000 


Run-off. 


Second-feet 

per  square 

mile. 


Depth  in 
inches. 


0. 822  0.  948 
.727  '  .838 
.  684  .  789 


.544 
.587 
.813 
.871 
4.34 
8.77 
4.72 
2.07 
1.29 
.700 
.522 
.476 


2.14 


.627 
.633 
.937 
.972 
5.00 
9.78 
5.44* 
2.39 
1.44 
.807 
.582 
.549 

29.16 
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SNAKE   RIVER    (sOUTH    FORK)    NEAR   LYON,    IDAHO. 

This  station  was  established  April  18,  1903,  by  N.  S.  Dils,  It  is 
located  at  the  old  site  of  Wedekind's  ferry,  between  Lyon  and  Swan 
Valley,  at  the  upper  end  of  Conant  Valley.  It  is  about  45  miles 
from  Idaho  Falls,  Idaho.  A  new  gage  was  set  on  October  16,  1904. 
It  is  on  the  north  bank  one-fourth  mile  below  Carr*s  ferry  and 
about  1  mile  above  location  of  gaging  station.  The  gage  consists 
of  a  4  by  4  inch  timber  well  anchored,  graduated  and  marked  to  half 
tenths  of  a  foot  by  metallic  numerals  and  staples.  The  gage  is 
inclined;  1.55  feet  along  the  gage  corresponds  to  1  vertical;  2.01  on 
the  new  gage  corresponds  to  1.75  on  the  old  gage.  The  new  gage  is 
painted  white,  with  a  United  States  Geological  Survey  name  plate. 
This  gage  is  read  once  a  day  by  O.  J.  Carr.  The  same  volume  of 
water  flows  past  each  gage. 

Discharge  measurements  are  now  made  from  a  cable  and  car  at 
the  old  site  of  Wedekind's  ferry.  A  tagged  wire  has  been  installed 
at  the  cable.  The  initial  point  for  soundings  is  the  pin  in  the  top  of 
a  log  of  the  crib  cable  support  on  the  left  bank.  The  channel  is 
straight  above  and  below  the  station,  and  the  current  is  swift.  The 
right  bank  is  high  and  steep  and  will  not  overflow.  At  very  high 
stages  the  left  bank  will  overflow  for  a  considerable  distance  and 
some  water  will  pass  around  the  station  through  a  slough.  The  bed 
of  the  stream  is  composed  of  hard  gravel,  free  from  vegetation,  and 
permanent.  Bench  mark  No.  1  is  a  United  States  Geological  Survei^ 
iron  bench-mark  post  set  about  6  feet  from  the  new  gage.  The  ele- 
vation is  11.15  above  zero  of  gage.  Bench  mark  No.  2  is  a  United 
States  Geological  Survey  aluminum  tablet  set  in  a  rock  on  the  left 
bank  about  100  feet  above  Carr's  ferry  landing,  and  is  about  6  feet 
above  high-water  mark.  Its  elevation  is  10.44  feet  above  zero  of 
gage.  This  bench  mark  is  for  use  in  high  water  when  ferry  service 
is  discontinued. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  D.  W.  Ross,  district  engineer. 
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Discharge  measurements  of  Snake  River  {South  Fork)  near  Lyon^  Idaho ^  in  1904-. 


Date. 


May  23 

August  1 

xSept«mber  4, 
SeptemJjer  7. 


Ilydrographer. 


Width. 


Area  of 
section. 


Feel. 

Wm.  G.  Davies 363 

do 275 

J.B.Bond 285 

Wm.  G.  Davies 2(3() 


Mean 


I 


Case 


DI^ 


velocity.      height.       charge. 


October  17 1 do 


260 


'q.  feet. 

Ft.  per  sec. 

Feet. 

Sec.-feet. 

3,459 

11.90  1 

8.25 

41,160 

2,140 

4.39 

3.5 

9.407 

1,664 

3.14 

2.3 

5,213 

1,582 

2.84 

2.1 

4,508 

1,630 

2.13 

1.75 

3,482 

Mean  daUy  gage  height^  in  feet,  of  Snake  Rirer  {South  Fork)  near  Lyon,  for  190^. 


Day. 

Jan. 

Feb. 

Mar. 

1.55 
1.58 
1.58 

Apr. 

1.60 
1.60 
l.(U) 

1 

May. 

4.40 
4.40  1 
4.40 

June. 

8.a5 
8.10 
7.60 

1 

July. 

6.15 
6.00  ' 
5.90 

1 
Aug. 

3.65  1 
3.60  * 
3.50 

Sept.  ' 

2.40 
2.40  ' 
2.35 

Oct. 

1.90 
1.90 
1.85 

Nov. 

Dec. 

I 

1.52 
1.52 
1.52 

1.50 
1.50 
1.50 

1.20 

2 

1.20 

3 

1.65 

1.15 

4 

1.65 

1.52 

1.58 

1.62 

4.85 

7.20 

5.85  1 

1 

3.40 

2.35 

1.85 

1.45 

1.10 

5 

1.65 

1.52 

l..')8 

1.65 

4.a5 

7.40 

5.80 

3.30 

2.30 

1.85 

1.45 

1.00 

6 

1.62 

1.52 

1.5S 

1.65 

4.90 

7.30 

5.  (i-j 

3.20 

J 

1.80 

1.43 

1.00 

7 

1.62 

1..52 

l..>8 

1.70 

4.92 

7.  .30 

5.  .50 

3.10 

1.80 

1.40 

1.15 

8 

1.62 

1.52 

1.60 

1.75 

4.65 

7.10 

5.40 

3.00 

1.80 

1.40 

1.20 

9 

1.62 

1.52 

1.60 

1.75 

4.40 

7.10 

5.30 

2.90  , 

1.75 

1.40 

1.15 

10 

1.62 

1..V2 

1.60 

1.80 

4.80 

7.  .50 

5.20 

2.80 

1.95 

1.37 

1.10 

U 

1.62 

l..'>2 

1.60 

1.82 

5.00 

7.60 

.5.00 

2.85  ' 

1.95 

1.35 

1. 15 

12 

1.60 

1.52 

1.(50 

1.92 

5.20 

7.30 

5.00 

2.80  1 

2.a5 

\.^ 

1.30 

1.15 

13 

1.60 
1.60 
1.60 
1.60 

1.55 
1.55 
1.55 
1.55 

1.60 
1.60 
1.60 
l.»»0 

2.15 
2.30 
2.50 
2.70 

5.35 
5..'>5 
.5.80 
5.80 

7.00 
7.10 
7.'M) 
7.  .50 

4.85 
4.76 
4.65 
4.60 

2. 75 
2.75 
2.75 
2.80 

2.05 
2.05 
2.00 
2.00 

1.83 
1.80 
1.75 
1.75 

1.30 
1.35 
1.30 
1.35 

1.20 

14 

1.20 

15 

1.20 

16 

1.15 

17 

1.60 

1.55 

1.62 

2.90 

,5.90 

7.60 

4.50  . 

2.80 

2.00 

1.75 

1.35 

1.15 

18 

1.60 

1..55 

1.62 

3.25 

6.20 

7.  .50 

4.45 

2.80  1 

1.95 

1.70 

1.35 

1.15 

19 

1.60 

1.55 

1.62 

3.50 

6.70 

7.55 

4.40 

2.75 

1.95 

1.70 

1.35 

1.15 

30 

1.60 

1.55 

1.75 

3.80 

7.20 

7.60 

4.,^5 

2.75 

1.95 

1.70 

1.33 

1.15 

21 

l.(>0 
1.60 
1.60 
1.55 
1.55 
1.55 

1..^5 
1.55 
1.55 
1.55 
1.55 
1.55 

1.80 
l.fi.» 
1.65 
1.62 
1.62 
1.62 

3.50 
3.10 
2.80 
3.00 
3.10 
3.45 

7.30 
7.65 
8.25 
8.90  1 
9.a5 
8.3,5  ' 

7.60 
7.  .50 
7.40 

t.  £.) 

7.  i'A) 
6.40 

4.. '15 
4.30 
4.25 
4.20 
4.10 
4.05 

2.65 
2.60 
2. 55 
2.40 
2.45  , 
2. 45 

1.90 
1.90 
1.95 
1.95 
1.95 
1.90 

1.65 
1.65 
1.65 
1.60 
1.60 
1.60 

1.30 
1.30 
1.27 

1.2,5 
1.25 

1.15 

22 

1.15 

23 

1.10 

24 

1.10 

23 

1.15 

26 

i.a5 

27 

1.55 

1.55 

1.60 

3.95 

7.  .50 

6.  .30 

4.00 

2.50 

1.90 

1.60 

1.25 

0.85 

28 

1.5.5 

1.5.> 

1.60 

4.50 

7.50 

6.20 

4.00 

2.60 

1.90 

1.60 

1.2.5 

0.85 

29 

1.55 

1.5.') 

1.60 

4.45 

7.80 

6.00 

3.90 

2.55 

1.90 

1..55 

1.25 

1.15 

30 

1.55 

1.55 

1.60 

4.45 

1.  to 

6.10 

3.80 

2.50 

1.85 

1.55 

1.25 

1.20 

31 

1.55 

1.55 

1.60 

7.80  ' 

3.70 

2.45 

1.55 

1.20 

Note.— Tbo  at>ove  gage  heights  refer  to  the  old  gage. 
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[so.  1A". 


Bating  table  for  Snalce  River  {South  Fork)  near  Lyon,  Iddho^  from  January  t  to  Decetn- 

berSlJOOl 


height. 

Discharge. 

1 

1 
Second-feet.  | 

Gage 
heignt. 

Feet. 

Discharge. 
Secand-Jeet. 

Gage 
;    height. 

1      Feet. 

Discharge. 

-  _        _    _-. 
Second-feet. 

Gage 
height. 

Feet. 

Discharge. 

Feet. 

Second-feet. 

0.80 

1,400     i 

2.30 

5,160 

3.70 

10,200 

5.20 

,     16,  SOO 

.90 

1,590 

2.40 

5,480 

3.80 

1 

10,600 

5.40 

1     17, 760 

1.00 

1,790     1 

2.50 

5,800 

3.90 

11,020 

5.60 

18,  780 

1.10 

2,000 

2.60 

6,120 

,     4.00 

11,440 

5.80 

19,  84!) 

1.20 

2,220    ' 

2.70 

6,460 

4.10 

11,860 

1     6.00 

20,9S0 

1.30 

2,440 

2.80 

6,800 

'     4.20 

12,280. 

1    6.20 

22,200 

1.40 

2,670 

2.90 

7,140 

1     4.30 

12,720 

1    6.40 

23,  .500 

1.50 

2,910 

3.00 

7,500 

4.40 

13,160 

6.60 

24,950 

1.60 

3,160 

3.10 

7,860 

4.50 

13,600 

6.80 

26,500 

1.70 

3,420     1 

3.20 

8,240 

,     4.60 

14,040 

7.00 

2S,  200 

1.80 

3,690 

3.30 

8,620 

4.70 

14,480 

1     7.50 

32,900 

1.90 

3,970 

3.40 

9,000 

4.80 

14,940 

8.00 

38,300 

2.00 

4,260 

3.50 

9,400 

i     4.90 

15,400 

8.50 

44.  rioo 

2.10 

4,560 

3.60 

9,800 

5.00 

15,860 

'     9.00 

50.800 

2.20 

4,860 

i 

1 

■ 

1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  S  dis- 
charge measurements  made  during  1903  and  1904.  It  is  well  defined  bi'twccn  gagt»  hi  i«rhts 
1.70  feet  and  3.50  feet.    The  table  has  been  extended  beyond  these  limits. 

Estimated  monildy  discharge  of  Snake  River  {South  Fork)  near  Lyon,  Idaho,  for  J 904. 

[Drainage  area.  5,480  square  miles.] 


Month. 


Discharge  in  second-feet. 


Run-off. 


January. . . 
February. . 

March 

April 

May 

June 

July 

August 

September. 
October. . . 
November. 
Peceml)er. 


The  year. 


[axlmum. 

Minimum. 

Mean. 

Total  in 
acre-feet. 

1 
Second -feet 
persnuare  , 
mi  e. 

Depth  in 
inclie.s. 

3,290 

3. 035 

3.  159 

194,200 

0.576 

0. 0<i  \ 

3,035 

2,960 

3,004 

172,  800  . 

.548 

.  oOl 

3,690 

3,035 

3, 195 

196,500 

.5S3 

.  672 

13,600 

3,160 

6,639 

395, 000 

1.21 

1 . 3  r» 

51,  450 

13,160 

24,820 

1,526,000 

4.53 

5.  22 

39,500 

20,980 

30, 720 

1,828,000 

'5.61 

G.  '2i\ 

21,890 

10,200 

14,  970  ' 

920,500 

2.73 

3.  ir, 

10,000 

5,480 

6,972 

428, 700 

1.27 

1 

1.4(i 

5,480 

3,830 

4,451 

264,800 

.812 

.9(X> 

4,115 

3, 035 

3,534 

217,  300 

.645 

.744 

2,910 

2,330 

2,546 

151,500 

.465 

.5!1» 

2,220 

1,495 

2,057 

126,500 

.375 

.  4:^2 

51,450 

1, 495 

8,839 

6,421,800 

1.61 

21.97 

Note.— Dischai-ge  lntorpolat«d  for  missing  gage  heights. 
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WILLOW    CREEK    NZAR    PKO.^PECT,    IDAHO. 

This  station  was  establisliod  April  21,  1303,  by  N.  S.  Dils.  It  is 
located  at  the  ranch  of  Thomas  L.  Wnils,  3  miles  cast  of  Prospect  and 
17  miles  from  Idaho  Falls,  Idaho.  The  t'MTi:)orjrv  gage  is  a  vertical 
2  by  4  inch  rod  driven  int^  the  bed  of  the  creek  and  fastened  at  the 
top  to  a  willow  root.  It  is  read  twice  each  day  by  Thomas  L.  Wails. 
There  is  a  bridge  below  llie  G:a^c  at  which  dischar_j:e  measurements 
may  be  made.  The  creek  is  crooked  and  t'le  banks  are  covered  with 
willows.  Both  banks  aro  high  and  ai\^  not  liable  to  overflow  except 
in  case  of  extreme  higli  wat^r,  as  in  1904.  Tiie  bed  of  the  stream  is 
composed  of  mud.  When  the  water  is  low  in  t'le  crock  water  is  dis- 
charged into  it  through  a  canal  one-half  mile  below  t!ic  temporary 
gage.  This  is  a  tomiorary  station  and  was  discontinued  October 
S,  1904. 

The  observations  at  this  station  during  1004  have  been  made  under 
the  direction  of  D.  W.  Ross,  district  engineer. 

Discharge  jiKasitreiucnts  cf  Willow  Crcuc  nccr  Prcsjcct,  Idaho,  in  lOO/j. 


Date. 


nydrographer. 


Width. 


ArO]i  of 
sen  ion. 


Monn 
velocity. 


l.einhr. 


Dij 


Ciiaigo, 


May  25 Wm.  G.  Da  vies. 

Jul3'23 do 


Fed.      Sq.  feet.    Ft.f.er.'er.       Feet.        Sre.-fftt. 
CA  511  ,        2.0    '      7.15  I       1,10^ 


:i 


3S4 


0.20 


4.05  ; 


'79 


«f  BacAWrtier. 
Mean  daily  gage  height,  infect,  of  Willow  Creek  near  Proapect,  Idaho,  pr  10%. 


Day. 

Jan. 

Feb.       Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1.. 

2.20 

2. 15 

7.  75 

o.  95 

4.40 

3.80 

l.Ow 

2.70 

•■> 

2.20 

1.95 

8. 15 

6.10 

4  40  ' 

3  "80 

2  .3:) 

2  00 

:? 

!      2.20 

l.W 

8.80 

5  90 

4  30  ' 

3  80 

3  40 

O    f.l) 

4.. 

2.20 

2.05 

8.00 

5.90 

4.05  1 

3.80 

3.40 

2.90 

5. . 

'      2.20 

2.20 

10. 10 

6. 05 

4  15 

3  70 

3   }0 

"  00 

6.. 

,      2.20 

■ 

o  o-    1 

9.W 

6.00 

4.10 

3.80 

3. 20 

r.-oo 

* .  • 

2.15 

2.40 

9. 30 

5.90 

3  90 

3  80 

•^  80 

3  00 

s.. 

2.10 

2.20 

9.10 

5.50 

3.90 

3.70 

2.8;) 

CO 

9.. 

2.10 

2.20 

8.80 

5.40 

4..V) 

3.70 

2.80 

10    . 

0') 

2.20 
2-30 

9.10 

_ 
5. 35 

5. 35 

4.05 
I.IO 

3.70 
3.70 

2.8;) 
2.00 

11.. 

12.. 

2.55 

9.10 

5.  TiO 

3.80 

3.80 

2.90 

13.. 

2.8.5 

8.70 

5.40 

4.10 

3.80 

2.90 

14.. 

3.25 

8..'«) 

5.40 

4  20 

3.70 

2.90 

1').. 

3.. 50 

8.00 

5.  .50 

4.00 

3.70 

2. 90 

IC 

4.35 

8.  .30 

5. 40 

3.90 

3. 70 

2.90 

17 

4.60 
4.40 

4.r,o 

5.35 

8.20 
7.95 
7.75 
7. 75 

5. 40 
5. 40 
5. 30 
5. 20 

3.  S,') 
3.95 
4.00 
4.00 

3.80 
3.80 
3.  SO 
3.  W) 

2.90 
2.  SO 
2.  SO 

•2.90 

IS.. 

1  90 

1ft 

2  15 

20.. 

2.3,") 

21.. 

2.  TjO 

5. 70 

7.80 

5.20 

4. 10 

3.  W 

2.80 

a  Station  discontinued 

&  River  frozen  from  . 

lanunrv 

10  to  Mt 

Lirh  17,  inclusive 

• 
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STREAM    MEASUREMKNTS    IN    1904,   PART    XIT. 


[so.  i:J5. 


Mean  daily  gage  height,  in  feet,  of  Willow  Creek  near  Prospect,  Idaho,  for  1904 — Continued. 


Day. 


22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


July. 

Aug. 

4.00 

3.70 

4.00 

3.60 

4.00 

3.60 

3.90 

3.60 

3.90 

3.30 

3.90 

3.30 

3,80 

3.10 

3.90 

3.00  1 

3.90 

2.10 

3.80 

2.00 

Sept. 


Oct. 


3.00  ' 

3.00    . 

3.00 

2.25 

2.10 

2.10 

2.10 

2.20 

2.40 

I 

r 


BLACKFOOT   RIVER    NEAR   PRESTO,    IDAHO. 

This  station  was  established  April  17,  1903,  by  N.  S.  Dils,  and  a 
temporary  gage  was  set.  It  is  located  on  the  ranch  of  the  observer. 
James  Just,  2  miles  west  of  Presto  and  about  15  miles  from  Blackfoot, 
Idaho.  A  permanent  gage  was  set  October  13,  1904.  This  gage  con- 
sists of  an  inclined  4  by  4  inch  timber  having  1.36  feet  on  the  gage 
equivalent  to  1  foot  vertical.  The  gage  is  graduated  to  half-tenths 
of  a  foot,  marked  with  metallic  numerals,  copper  staples,  and  a 
United  States  Geological  Survey  name  plate.  Discharge  measure- 
ments are  made  from  a  cable  and  car  located  about  one-fourth  mile 
below  the  gage.  The  initial  point  for  sounding  is  a  tag  marked  "  I.  P. " 
fastened  to  the  inner  face  of  the  cable  support  on  the  west  bank. 
The  current  is  sluggish.  The  banks  are  high  and  wooded  and  will 
not  overflow.  The  bed  of  the  stream  is  gravel,  free  from  vegeta- 
tion, and  permanent.  The  bench  mark  is  a  copper  plug  set  in  cor- 
ner stone  of  James  Just's  brick  house.  The  elevation  is  12.18  above 
the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  D.  W.  Ross,  district  engineer. 

Discharge  measurements  of  Blackfoot  Rh)€r  near  Presto,  Idaho,  in  1904. 


Date. 


Ilydrographer. 


May  4 |  Fred  Stockton. , 

June  14 Wm.  G.  Davies. 

July  2 J.B.Bond 

July  27 do 

August  30 do 


Width. 

Feet. 
60 

54 
54 
53 
53 


Area  of 
section. 


Mean 
velocity. 


Sq.  feet.    Ft.  per  sec. 


441 
208 
160 
125 
161 


2.70 
2.44 
1.26 
1.11 
1.48 


Gaee 
hcignt. 


Feet. 
6.6 
2.65 
1.1 
0.7 
1.1 


Dis- 
charge. 


See.- feet. 
«  1,  11)3 
/iOS 

220 
14C 
235 


a  Surface  velocity  taken. 
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Mean  daily  gage  height,  in  feet,  ofBlackfoot  River  near  Presto,  Idaho,  for  1904. 


Day. 


3. 
4. 


5. 


7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
25 
27 
2S 
29 
3D 
31 


Jan. 


(«) 


Fub. 


Mar.     Apr. 


1.0 
1.1 
1.4 
1.4 
1.2 
1.1 
1.1 
1.2 
1.1 
1.1 
1.1 
1.1 
1.2 
1.4 
1.6 
1.4 
1.4 
1.3 
1.3 
1.2 
1.3 
1.3 
1.2 
1.2 
1.1 
1.1 


I.l 

1.0 

1.1 

1.1 

1.2 

1.3 

1.3 

1.3 

1.4 

1.4 

1.5 

1.8 

2.1 

2.65 

3.15 

4.2 

4.4 

4.f5 

5.5 

6.75 

6.9 

6.1 

5.65 

5.2 

5.a5 

5.1 

5.55 

5.7 

5.6 

5.4 


May. 

June. 

5.7 

3.75 

5.85 

3.95 

5.75 

3.85 

6.3 

3.8 

6.85 

3.6 

6.65 

3.65 

6.75 

3.5 

7.0 

3.5 

7.05 

3.35 

6.7 

3.25 

6.3 

3.2 

6.25 

3.0 

6.05 

2.9 

6.25 

2.7 

6.15 

2.5 

6.05 

2.2 

5.8 

2.2 

5.7 

2.1 

5.45 

2.0 

5.3 

1.8 

5.45 

1.6 

5.3 

1.5 

5.05 

1.5 

5.0 

1.4 

4.9 

1.4 

4.75 

1.3 

4.05 

1.2 

4.4 

1.2 

4.2 

1.2 

4.0 

1.2 

3.85 



July. 

Aug. 

0.7 

.7 

.7 

.7 

.7  ' 

Sept.  '  Oct. 


1.1 
1.1 
1.1 
1.0 
1.0 
1.0 
.9 
.9 
.9 
.9 
.8 
.8 
.8 
.8 
.8 
.8 
.7 
.7 
.7 
.  I 
.7 
.7 
.7 
.7 
.7 
.7 


.7 
.7  i 
.7 

.7 

I 

.7 

.7 
.  / 

.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.9 
.9 
.9 


0.9 

.9 

.9 

.9 

1 
1. 

.9 

.9 

.9 

1. 

.9 

.9 

.9 

.9 

.9 

.9 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

*• 

1. 1 

1. 

.... 

1 
1 

,2 

2 

2 

2 

2 

2 

2 

2 
,3 
,3 
,3 
,3 
,3 
.3 
,3 

3 

,35 
.35 
.35 


Nov. 

• 

1.4 

1.35 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.25 

1.25 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.15 

1.15 

1.15 

1.15 

1.1 

1.1 

1.1 

1.1 


Dec. 

1.1 
1.1 
1.2 
1.2 
1.15 
1.3 
1.2 
1.4 
1.4 
1.2 
(") 


a  River  frozen  from  January  1  to  March  5,  and  December  11  to  31,  inclusive. 
BIG   LOST   RIVER   NEAR    MACKAY,  IDAHO. 

This  station  was  established  November  12,  1903,  by  Fred  Stockton 
and  a  temporary  gage  was  set.  It  is  located  3i  miles  above  Mackay, 
Idaho,  above  "The  Narrows."  A  permanent  gage  was  set  Novem- 
ber 3,  1904,  at  ''The  Narrows,"  about  a  mile  below  the  temporary 
gage.  It  is  located  back  of  fJoseph  Cresto's  (the  observer)  house 
and  consists  of  a  4  by  4  inch  post  set  vertical  and  securely  anchored, 
graduated  to  one-half  tenths  of  a  foot,  and  marked  with  a  United 
States  Geological  Survey  name  plate.  Gagings  are  made  from  a 
cableway  at  the  original  station  site.  All  gage  heights  for  1904 
were  taken  from  the  temporary  gage.  On  November  30,  1904,  the 
temporary  gage  read  0.90,  the  permanent  gage  read  2.80,  the 
discharge  being  the  same  at  both  places. 

The  channel  of  the  stream  is  slightly  curved  both  above  and  below 
the  station.  The  south  bank  is  steep  and  high  and  does  not  overflow, 
the  north  bank  slopes  gradually  and  will  overflow  during  high  water. 
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[NO.  135. 


The  initial  point  for  soundings  is  a  tin  tag  marked  "I.  P."  on  the 
inside  face  of  cable  support  on  north  bank  of  stream.  A  United 
States  Geological  Survey  iron  bench-mark  post  is  set  about  15  feet 
from  gage.     The  elevation  is  9.83  above  zero  of  gage. 

The  observations  at  this  station  during  1904  have  been  made  .under 
the  direction  of  D.  W.  Ross,  district  engineer. 

Discharge  measuremenis  of  Big  Lost  River  near  Mackay,  Idaho  j  in  1904- 


Date. 

1 

!             Hydrographer. 

V 

*'*^*"-    section 

1 

Feet.   '  Sq.feet 

r  !      Mean      1 
.  1  velocity. 

Gafic 
heigni 

1     1      ViB- 

1 

.    Ft.  per  sec. 

Feet. 

See.-Jeet. 

June  3 

. . .    Wm.  G.  Davies 

55  i        222          5.22 

3.1 

1       1,162 

July  29 

...   J.B.  Bond : 

42           140  1        3. 70  ; 

1 

1.7 

524 

August  18 

do 

39 

112          2.83  1 

1.2 

\              317 

September  7 . 

do 

38 

95  i        2. 48 

1 

.9    1          236 

November  3 . 

. . .    VV'm.  G.  Davies ; 

1 

36 

90          2.05 

.95;           185 

1 

_               -                     _i    _  _ 
Mean  daily  gage  height  y  in  feet,  of  Big  Lost  River  near 

1 
Mackay,  Idaho,  for 

1 
190J^ 

Day. 

1           1 
Jan.      Feb.  |  Mar.  ,  Apr. 

1 

May. 

0.5 
.55 
.55 
.5 
.55 
.55 
.55 
.5 
.5 
.7 
1.0 
1.3 
1.6 
1.7 
2.0 
2.3 
2.3 
2.5 
2.7 

'  Juno.    July. 

1          O.  O              u.  o 

3.9  1      3.2 

Aug. 

Sept. 
1.0 

Oct. 

0.85 
.85 
.85 
.85 
.85 
.85 
.85 
.85 

.a'> 

.85 
.85 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 

Nov. 

Dec. 

1 

0.7 

i'              1 
0.<i5  1       0.7  '     0.7 

1.6 

0.95  1 

0.  s.-* 

2 

.7         .65           .7         .7 
.7         .65           .7  1       .7 

1.5  1     1.0 

.95           .K5 

3 

3.7 
3.3 
3.1 
3.0 
3.4 
3.4 
3.4 
3.8 

3.2 
3.1 
3.0 
2.9 
2.8 
2.8 
2.7 
2.8 

1.5 
1.4 

1.0 
1.0 

.95          .Hrt 

4 

.7  1       .65 
.7  ,       .65 
.7  '       .65 

.7         .7 

.95 
.95 

.HT* 

5 

.7 

.7 

1.4  1      .9 
1.3         .95 
1.3         .95 

.K5 

(i 

.7  1      .7 

.95          .K5 

7     

.7         .65           .7  '       .7 

.95          .N5 

8 

.7         .65           .7 
.7         .65           .7 
.7         .65           .7 

.7         .65           .7 
.7  \      .65           .7 
.7         .65  1        .7 

.7  '       .65           .7 

.7 
.7 

.7 
.  7 
.7 

1.3 
1.3 
1.3 

.95 
.95 
.95 
.95 

.95          .S5 

9     

.95  t       .J^=^ 

10 

.95           .K5 

11 

1 
3.9  '      2.6 

3.6         2.6 

3.4  1      2.6 

3.5  2.6 

3.8  2.4 

3.9  2.2 
4.2  1      2.0 

.95  \       .K5 

12 

.95 

.95 

.95 

.95 

1.2  \      .95 
1.2         .85 
1.2         .85 

.95  !        .83 

13 

.9     1        .K5 

14 

.9            .S5 

15 

'1 
.7          .65            .7  ,       .7 

.9            .«o 

16 ; 

.7 
.7 

.65  1         .7         .7 
.65           .7         .7 
.65           .7         .7 
.65           .7         .7 
.65           .7         .7 
.05           .7         .65 

.9     '       .S5 

17 

.9 
.9 
.9 
.9 
.9 

.85 

18 

4.4 
4.4 

1.9 
1.8 

.S.5 

19 

1.1 

.85 

.85 

20 

4.4         1.9 
4.1  ,       1.8 
4.0  '       1.9 

1.1         .85 
1.0  '      .85 
1.0         .85 

.85 

21 

.S5 

22 

.65           .7 

.65 

.9            .S.-> 

23 

.7         J\o  '        .7         .65 

3.3 

4.0         1.9 

1.0         .8.5 

.95 

.9           .nS 

24 

.7         .65           .7         .65 

3.9 

3.9  ,      2.0 

1.0         .85 

.95 

.9            .S5 

25 

.65           .7 

.65 

4.2 

3.5         1.9 

1.0         .85 

1 

.95 

.9 

.,S5 

2ft 

.65           .7 

.65 

4.1 

3.2         1.8 

1.0         .85 

.95 

.9     '       .8 

27 

.7             .7 

.6 

3.6 

3.0         1.8 

1.0  1      .85 

.95 

.9            .8 

28 

.7            .7 

.6 

1 

3.3 

3.0         1.8 

1.0  1       .85 

.95 

.9            .s 

29 

.7 

.7             .7         .6    t 

3.4 

3.1         1.7 

1.0         .85 

.95 

.9            .S 

:jo 

7         .6    1    3.6 

3.2         1.7 

1.0  1       .85 

.95 

.9            .8 

31 

.  7 

7    3.6 

1.6 

1.0 

.95 

.^ 

1 
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Rating  table  for  Big  Lost  River  near  Mackay,  Idaho,  from  November  1£,  1903,  to  December 

31 .  1904. 


Gaee 
leicDt. 


heigl 


Feet, 

0.60 

.70 

.80 

.90 

1.00 

1.10 

1.20 

1.30 

1.40 

1.50 


Discharge,       ^^^,       DiBchaiKe.       j,«J|«     |  Discharge.       ^^^^\       Discharge. 


Second-feet.  '      Fed.     ,  Second-fed.        Feet.       Second-feet.        Feet.     '  Second-feet. 


175 
195 
215 
235 
260 
285 
315 
350 
390 
435 


1.60 

480 

2.50 

890 

1.70 

525 

2.60  1 

935 

1.80 

570 

2.70  ! 

980 

1.90 

615 

2.80  1 

1,025 

2.00 

660 

2.90 

1,070 

2.10 

710 

3.00  ' 

1,120 

2.20 

755 

3.10  ! 

1,165 

2.30 

800 

3.20 

1,210 

2.40 

845  . 

3.30 

1,255 

3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 
4.20 


1,300 
1,345 
1,390 
1,435 
1,480 
1,525 
1,570 
1,620 
1,665 


The  above  table  is  applicable  for  o]>en'Channel  conditions  only.     It  is  based  upon  5 
discharge  measurements  made  during  1904.     It  is  fairly  well  defined. 

Estimated  monthly  discharge  of  Big  Lost  Rix^r  near  Mackay,  Idaho,  for  1903  and  190^. 


Month. 


1903. 


Discharge  in  second-feet. 


ICaximum. 


Minimum.         Mean. 


Total  in 
acre-feet. 


December. 


195 


1904. 


January. . . 
February. . 

March 

April 

May  « 

June 

July 

August  ft... 
September. 

October 

November. 
December. 


195 


195 


11,990 


The  year. 


195 

195 

195 

11,990 

195 

185 

186 

10,700 

195 

195 

195 

11,990 

195 

175 

190 

11,310 

1,665 

160 

668 

41,070 

1,755 

1,120 

1,410 

83,900 

1,255 

480 

813 

49,990 

435 

260 

318 

19,  5.50 

260 

225 

238 

14,160 

248 

225 

240 

14,760 

248 

235 

240 

14,  280 

225 

215 
160 

223 

410  ! 

1 

13,  710 

1,755 

297,400 

a  pischaige  May  i-3  interpolated. 


&  Discharge  August  11-1.5  interpolated. 
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STREAM   MEASUREMENTS    IN    1904,   PART    XII. 


[no.  las. 


BIG    LOST   RIVER    NEAR    CHILLY,  IDAHO. 

This  station  was  established  April  25,  1904,  by  Fred  Stockton.  It 
is  located  at  Frank  Uehren's  ranch,  about  25  miles  upstream  from 
Mackay,  7  miles  from  Chilly,  and  about  3  miles  above  Kinickinick 
Point.     This  ranch  is  the  last  one  on  the  east  bank. 

The  gage  is  about  one-fourth  mile  from  the  ranch  house.  The 
gage  consists  of  a  4  by  4  inch  timber  set  vertical,  well  braced  and 
anchored,  and  graduated  to  half  tenths  of  a  foott  The  graduations 
are  marked  by  metallic  numerals  and  staples.  The  gage  is  painted 
white  and  marked  with  U.  S.  G.  S.  name  plate.  A  permanent  gage 
was  set  November  1,  1904,  at  the  same  elevation  as  the  temporary 
gage.  Discharge  measurements  are  made  from  a  cable  and  car  located 
about  three-fourths  mile  above  Uehren's  house.  The  initial  point 
for  soundings  is  a  tin  tag  marked  ''I.  P."  on  the  face  of  the  cable 
support  on  east  side.  The  channel  is  straight  for  about  200  fe^t 
above  and  250  feet  below  the  station.  Both  banks  are  low  and  liable 
to  overflow  during  high  water.  The  stream  has  but  one  channel 
during  all  stages.  A  United  States  Geological  Survey  iron  bench- 
mark post  has  been  set  about  10  feet  from  the  gage.  The  elevation 
is  7.49  feet  above  the  zero  of  the  gage.  The  observer  is  Frank 
Uehren. 

The  observations  at  this  station  during  1904  have  been  made  under 
directions  of  D.  W.  Ross,  district  engineer. 


Discharge  measuremeTUs  of  Big  Lost  River  near  Chilly,  Idaho ,  in  1904- 


Date. 


Hydrographer. 


Width. 


Area  of 
section. 


I 


Mean 
velocity 


heigi 


lage 
»ijcnt. 


June  4 Wm.  G.  Davies. 

July  29 '  J.  B.  Bond 

August  18 j do 

September  7 do 

November  1 .i  Wm.  G.  Davies. 


1  Ffrt. 

Sq./eet. 

Ft.  per  sec. 

80 

280 

4.39 

80 

195 

2.98 

80 

156 

1.85 

80 

135 

1.28 

80 

120 

.84 

Feet. 
4.35 
3.0 
2.4 
1.8 
1.57 


Dis- 
charK'p. 


See.'/eci, 
1,230 
550 
309 
178 
106 
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Mean  daUy  gage  heighty  in  feet,  of  Big  Lost  River  near  Chilly,  Idaho,  ft>r  190^. 


Day 

'    Apr. 

1 

May. 

2.1 
1.95 
1.95 
2.2 
2.4 
1      2.5 
!      2.7 
2.7 
2.9 
3.1 
3.2 
3.3 
3  4 
3.8 
3.9 
3.9 
4.a'> 
4.25 
4.2 
4.1 
4.6 
4.9 
5.0 
49 
4.9 
4.3 
4.0 
4.2 
4.45 
4.5.. 

1 
June. 

4.6 
4.4 

4.3 

4.35 

4.45 

4.25 

4.5 

4.8 

4.95 

4.4 

4.15 

4  3 

4.3 

4.6 

is" 

4.85 

6.1 

4.8 

4.7 

4.6 

4.35 

3.9 

4.0 

4.1     , 

4.0 

4.1 

4.6 

July. 

4.3 
4.2 
4.3 

Aug. 

Sept. 

2.0 

1.95 

2.0 

1.9 

1.9 

1.85 

1.85 

1.9 

1.8 

1.8 

1.8 

1.8 

1.75 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

1  7 

1.7 

1.7 



1.7 
1.7 
1.7 
1.7 

1.65  • 

1 

Oct. 

1 

1.65 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.7 

1.7 

1.65 

1.6 

1.6 

1.6 

1  6 

1.6 

1.6 

1.65 

1.7 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

Nov. 

'      1.6 
1.6 
1.6 
1.55 
1.6 
1.55 
1.6 

'       1.6 
'       1.6 

;     1.55 

1.6 

1.6 

1.6 

1.6 

1.5 

1.5 

1.5 

1.5 

1.5 

1  5 

1.5 

1.6    . 

1.5 

1.5  : 

1.6 
1.6 
1.6 
1.6    ' 

Dec. 

1 

2 

3 

4 

2.8 
2.8 
2.7 

2.0 
2.0 
2.0 
2.0 

5 

6 



3.8 
3.9 

.      3.9 
3.9 
3.9 
3.7 
4.0 
3.9 
3.6 
3.4 
3.1 
3.2 
3.ai 
3.1 
3.1 

"   "3.'2" 
3.3 
3.2 
3.2 
3.0 
3  1 
3.05 
3.0 
2.9 
2.85  , 

2.7 

2.6 

2.55 

2.55 

2.5 

2.5 

2.5 

2.45 

2.4 

2.45 

2.5 
2.4 
2.3 
2.3 
2.2 
2.1 
2.1 

2.0 

2.0 

2.0 

2.1 

2.0 

2.0 

2.05 

2.05 

2.0 
2.3 

7 

2.3 

8 

2.3 

9 '        .... 

2.2 

10 ' 

2.1 

11 '         ... 

2.1 

12 1 

2.0 

1.3 

2  0 

14 

1.9 

15 

1  7 

16 

1.6 

17 

1.6 

18           ..     .. 

1  6 

19 

1.5 

20 

1  2 

21 

1.15 

22 

1.3 

23 

1.4 

24 -- --. 

1.5 

25 

1.7 

1.5 

26 

1.9 

.        2.15 

1.3 
1  3 

28 

30 

21 

2.0 

2.0 

1.25 

4.6 

1 

1.3 

Rating  taUefor  Big  Lost  River  near  ChiUy,  Idaho,  from  AprU  25  to  December  31,  190Jf. 


Ga«e 
height. 


Feet. 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 


DiBcharge. 


Gage 
height. 


Second-feet,  i      Feet 


65 
80 
95 
110 
125 
140 
160 
180 
200 
220 
240 


2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 


Discharge. 

Second-feet. 
260 

285 
310 
340 
370 
410 
450 
500 
550 
600 


Diflchargc.       hei^.    '  ^*»^'harg«- 


Feet. 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 


Second-feet. 

Feet. 

Second-feet. 

6,'50 

4.20 

1,155 

700 

4.30 

1,205 

750 

4.40 

1,255 

800 

4.50 

1,305 

850 

1     4.60 

1 

1,355 

900 

4.70 

1,405 

950 

4.80 

1 

1,455 

1,000 

•    4.90 

1,505 

1,050 

5.00 

1,555 

1,105 

5.10 

1,605 

192 


STREAM    MEASUREMENTS    IN    1904,   PART    XII. 


[NO.  135. 


The  foregoing  table  is  applicable  for  open-channel  conditions  only.  It  is  based  upon  4 
discharge  measurements  made  during  1904.  It  is  well  defined  between  l.SO  feet  and  3.00 
feet  gage  height.  Above  3.00  feet  the  table  depends  on  one  measurement  at  4.35  feet 
gage  height. 

Estimated  monthly  discharge  of  Big  Lost  River  near  ChiRy,  Idaho,  for  1904. 


Discharge  in  second-feet. 


Month. 


April  25-30. 

May ... 

June*^* 

July  « 

August  (^ 

September  ". 
October f  ... 
November". 
December  '. 


The  period. 


1  Maximum. 

Mhiiraum. 
160 

Mean. 

Total  in 
acre-feft. 

250 

215 

2,  5o9 

1,555 

210 

898 

55,22<) 

1,605 

1,000 

1,284 

76,  410 

1,205 

475 

799 

49,130 

450 

220 

307 

18,  <s^«) 

220 

150 

175 

10,  410 

160 

140 

143 

8,  71« 

140 

125 

134 

7,974 

285 

73 

168 

10,  3») 

- 

239, 7CX) 

1 

. 

a  Dischai*go  for  missing  gage  heights  interpolated. 
BIG   WOOD   RIVER    NEAR    GIMLET,  IDAHO. 

Tins  station  was  established  by  Fred  Stockton  on  ^pril  25,  1904. 
It  is  located  on  a  wagon  bridge  on  the  road  from  Hailey  to  Ketch uni, 
near  Gimlet  station  on  the  Oregon  Short  Line  Railroad,  a  small  sta- 
tion about  G  miles  from  Ilailcy  and  6  miles  from  Ketchum.  The 
bridge  is  about  200  feet  below  the  railroad  bridge  crossing  Big  Wood 
River.  The  gage  consists  of  a  2  by  4  inch  timber  spiked  against  a 
timber  on  th.c  u|>ytrei:m  side  of  the  north  end  abutment  to  the  wagon 
bridge.  Tl:is  gage  iz  graclual-ed  to  half-tenths  of  a  foot.  Gradua- 
tions are  marked  by  metallic  numbers  and  staples.  The  gage  is 
marked  with  a  United  Sta,t?s  Geological  Survey  name  plate.  Dis- 
charjjo  measurements  are  made  from  the  bridge.  The  initial  poini 
for  sounding's  is  a  tin  taor  marked  ''I.  P."  nailed  on  the  hand  rail  on 
the  downstream  side  of  the  bridge.  The  channel  is  straight  for  ZoO 
feet  above  and  1.000  feet  belov/  tJie  brids^e.  The  banks  arc  lii^/a 
and  covered  witli  brush  and  are  not  liable  to  overflow,  arid  the 
stream  h.as  but  one  channel  in  ciihcr  hi^^h  or  low  vv-ater.  The  bench. 
m?,rk  is  a  United  States  (icological  Survey  iron  bench-mark  ])ost  set 
in  the  dooryarvl  of  the  lirst  ranch  lious?  above  Gimlet.  Its  eleva- 
tion above  sea  level  is  5,5 14  feet  and  15.09  feet  above  zero  of  gage. 
The  observer  is  C.  A.  Comstock. 

The  obseiwations  at  this  station  durini^  1904  have  been  under  the 
direction  of  D.  W.  Ross,  district  engineer. 
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Disduirge  measuremenU  of  Big  Wood  River  near  Gindei,  Idaho  ^  in  190^, 


Date. 


Hydrographer. 


April  29 Wm.  G.  Davies. 

May  14 do 

Julys J.B.Bond 

August  3 do 

November  10 . . .    Wm.  G.  Davies. 


u'lHth     Area  of         Mean 
^*°'^"-,  section.  ,  velocity. 


Feet. 
88 
88 
92 
55 
37 


Sq.fret.    Ft.  per  see. 


Gaffe 
height. 


Difl- 
charge. 


214 
314 
239 
170 
151 


3.77 
5.71 
4.91 
3.49 
1.25 


Feet, 
1.82 

3.15 
2.30 
1.25 

.75 


8ec.-Jeet, 

806 

1,794 

1,293 

620 
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Mean  daUy  gage  height,  in  feet,  of  Big  Wood  River  near  Gimlet,  Idaho,  for  1904. 


Day. 


Apr.    I  May.  !  June.  ,  July.      Aug.   '  Sept. 


1 

1 

2 

3 

4 ; 

5 1 

6 ! 

7 

" 

8 1 

9 

10 

11 

12 

13 

14 ' 

15 

16 

17 ■ 

18 ■ 

19 

20 '.... 

21 

22 ' 

23 ! 

24 i 

2.5 

26 

27 

28 

1.8 

29 

1,8 

30 

1 
1.8 

31 

1.7 
1.7 

1  9 
2.2 
2.4 
2.5 
2.6 
2.5 
2.5 

2  8 
2.9 
2.9 
3.0 
3.2 
3.4 
3.3 
3.6 
3.5 
3.6 
3.6 
4.1 
4.6 
4.8 
5.1 
5.2 
4.9 
3.8 
3.8 
3.8 
3.9 
3.8 


3.8 

3.8 

3.6 

3.3 

3.3 

3.5 

3.4 

3.3 

3.7 

3.5 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

3.9 

3.9 

3.8 

3.6 

3.7  ! 

3.5 

3.3 

3.0 

2.9 

2.5 

2.6 

2.5 

2.5 

2.6 


2.5 
2.7 
2.6 
2.4 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.1 
2.0 
1.9 
1.8 
1.6 
1.6 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.4 
1.4 
1.4 
1.4 
1.3 
1.3 
1.3 
1.2 
1.2 


1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.1 

1.1 

1.1 

1.1 

1.0 

1.0 

1.0 

I.O 

1.3 

1.2 

1.1 

1.1 

1.0 

1  0 

1.0 

1.0 

1.0 

.9 

.9 

.9 

.9 

.9 

.9 

.9 


0.8 
.8 
.8 
.8 
.8 
.8 
.7 
.7  j 
.7 
./   I 

I 

7 
.7 
.7 
.7 

.7  . 

.7 

.  I 
.  t 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 


Nov.       Dec. 


0.7 
.7 
.7 
.7 

.  t 

.7 
.7 

.7! 

.,   ! 
.  I 

.7 
.7 

9m 

.  / 

.7 

*.  i 
.7  . 
.7 
.7 
.7'' 
.7 
.6 
.7  < 
.7 
.7 
.7 

.7 

.. 
.  4 

.7 

.7 

,  4 

•m 

.  I 
.7 


0.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 

mm 

.  / 

.65 
65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 


0.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
65 
.65 
.65 
.65 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 


LITTLE    WOOD   RIVER   NEAR   CAREY,  IDAHO. 

This  station  was  established  on  April  28,  1904,  by  William  G. 
Davies.  It  is  located  7  miles  upstream  from  Carey  on  the  Carey-Mul- 
doon  road;  about  one-half  mile  above  dam  at  head  of  east  and  west 
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side  canals,  and  above  the  slough  or  delta  section  of  the  river.  This 
station  is  35  miles  from  Picabo,  the  nearest  railroad  point.  The  gage 
is  a  4  by  4  inch  timber,  set  vertical,  and  bolted  to  a  lava  wall.  It  is 
graduated  to  half-tenths  of  a  foot,  the  graduation  being  marked  by 
metallic  numerals  and  staples.  The  gage  is  painted  white  and 
marked  with  a  United  States  Geological  Survey  name  plate.  It  is 
set  on  the  east  bank  of  the  river.  Discharge  measurements  are 
made  from  a  cable  and  car.  The  initial  point  for  soundings  is  a  tin 
tag  marked  '*I.  P."  on  an  iron  anchor  set  in  a  rock  on  west  bank. 
The  channel  is  straight  both  above  and  below  the  station.  The 
banks  are  high  and  clean  and  not  liable  to  overflow.  The  stream  has 
one  channel  at  both  high  and  low  water  and  its  bed  is  smooth  and 
clean.  The  bench  mark  is  a  United  States  Geological  Survey  alu- 
minum bench-mark  tablet  set  3  feet  from  the  gage  in  solid  lava.  The 
elevation  is  6.00  feet  above  zero  of  the  gage.  Mrs.  F.  M.  Ford  is  the 
observer. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  D.  W.  Ross,  district  engineer. 

Discharge  measurement^  of  Little  Wood  River  near  Carey j  IfkhOf  in  1904. 


Date. 


June  12 

July  9 

August  4 

November  9  «.. 


Hydrographer. 


Wm.  G.  Davies 

J.  B.  Bond 

do 

Wm.  G.  Davies 


Width.' 

Feet. 
48 

46 
45 
38 


Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Dis- 
charge. 

Sq.feet. 

Ft.  per  sec, 

Feet. 

Sec. -feet. 

128 

4.23 

2.75 

542 

98 

4.49 

2.2 

457 

62 

2.57  1 

1.4 

ia3 

79 

.85  1 

1.05 

67 

1 

a  Gaged  above  the  station. 
Mean  daily  gage  height,  in  feet,  of  Little  Wood  River  near  Carey,  Idaho,  for  190^. 


Day. 


Apr. 


1 

2 

3 ' 

4 1 

5 i  

1 

6 1 

7 — . 

8 

9 

10 

11 

12 

13 1 

14 

15 

16 /.. 

17 

May.   I  June.  ,  July.  I   Aug. 


4..)5 

3.4 

2.2 

4.8 

3.4 

2.1 

4.1 

3.1 

2.1 

4.15 

2.9 

2.1 

4.5 

2.8 

2.1 

4.15 

2  8 

2.2 

4.35 

3.0 

2.2 

4.15 

2.9 

2.1 

4.35 

2.9 

2.0 

4.4 

3.0 

2.0 

4.6 

2.9 

1.9 

5.0 

2.7 

2.0 

4.75 

2.8 

2.0 

4.95 

2.8 

2.0 

4.05 

2.8 

2.0 

4.25 

3.0 

2.0 

4.15 

3.0 

1.7 

1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.3 
1.3 
1.3 
1.3 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.3 


[>t. 

Oct. 

Nov.   1 

Dec. 

1.0 

0.9 

1 
1.0 

1.0 

1.0 

.9 

1.0 

1.0 

1.0 

.9 

1.0  1 

1,0 

1.0 

.9 

1.0  1 

1.0 

1.0 

.9 

l.O  1 

1.0 

1.0 

1.0 

1.0, 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0  1 

1.0 

.9 

1.0 

1.0  1 

1.0 

.9 

1.0 

1.0  1 

1.0 

.9 

1.0 

1.0 

1.0 

.9 

1.0 

1.0  ' 

1.0 

.9 

1.0 

1,0  ' 

1.0 

.9 

1.0 

1.0  , 

1.0 

.9 

1.0 

1.0  1 

1.0 

.9 

1.0 

1.0 

10 

.9 

1.0 

1     1.0 : 

l.u 
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Mean  daUy  gaqe  height^  in  feet,  of  Little  Wood  River  near  Carey,  Idaho,  for  190^ — Continued. 


Day. 


IS. 
19. 


20. 
21. 


Apr. 


22 

23 1 

24 

25 ; 

26 ■ 

27 

28 

4.00 

29 

3.95 

30 

4.10 

31 

May. 

4.1 

4.1 

4.75 

5.05 

5.1 

5.05 

6.0 

4.7 

4.1 

3.7 

3.6 

3.6 

3.7 

3.4 


July. 


3.0 
3.0 
2.9 
2.8 
2.7 
2.8 
2.4 
2.0 
2.4 
2.3 
2.2 
2.2 
2.2 


1.6 
1.5 
1.4 
1.4 
1.4 
1.5 
1.4 
1.4 
1.3 
1.3 
1.2 
1.2 
1.2 
1.3 


Aug. 

Sept. 

1.2 

.9 

1.2 

0.9 

1.2 

.9 

1.2 

.9 

1.1 

1.0 

Oct. 


Dec. 


1.1 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 


.9 

.9 

.9 

.9 

1.0 

1.0 

1.0 

1.0 


1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 


1.0 
1.0 
1.0 
1.0 
I.O 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0  I 

1.0  ' 


1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 


SUCCOR   CREEK   NEAR   HOMEDALE,  IDAHO. 

This  stration  was  established  March  19, 1903,  by  N.  S.  Dils.  It  was 
discontinued  September  30,  1903,  but  was  taken  up  again  before 
water  began  flowing  in  the  winter.  It  is  located  at  a  small  truss 
bridge  built  to  carry  a  flume  and  is  about  one-half  mile  above  the 
mouth  of  the  river.  The  gage  is  a  vertical  rod  driven  into  the  bed  of 
the  stream,  fastened  to  the  downstream  side  of  the  footbridge.  A 
new  station  was  established  January  31,  1905,  about  half  a  mile 
above  the  old  station  and  about  17  miles  from  Caldwell,  the  nearest 
railroad  station.  It  is  1  mile  west  of  Homedale,  near  the  Cald well- 
Jordan  Valley  stage  road,  and  1  mile  west  of  Mussel's  ferry  on  Snake 
River.  This  gaging  station  is  one-fourth  of  a  mile  below  the  head 
of  the  lowest  ditch  on  Succor  Creek,  and  about  three-fourths  of  a 
mile  above  the  mouth  of  the  creek.  The  new  gage  consists  of  a 
4  by  4  inch  post  inclined  so  that  1.27  feet  along  gage  represents 
1  foot  vertically.  This  gage  is  well  anchored  and  bolted,  graduated 
to  feet  and  tenths.  The  graduations  are  marked  by  metallic  num- 
bers and  staples  marked  with  a  United  States  Geological  Survey 
name  plate.  The  gage  is  on  the  left  bank  of  the  stream  about  one- 
third  of  a  mile  above  the  house  of  Mrs.  Minnie  Tracy,  the  observer. 
Discharge  measurements  are  made  from  a  cable  and  car  which  are 
locat-ed  about  10  feet  above  gage.  The  initial  point  for  soundings  is 
the  inside  face  of  cable  support  on  left  bank  of  stream.  The  river 
channel  is  straight  for  about  200  feet  above  and  belOw  the  station. 
The  bed  of  stream  is  gravelly  and  has  one  channel  at  all  stages. 
The  right  bank  is  low  and  slopes  uniformly,  and  may  overflow  during 
high  water.     The  left  bank  is  high  and  not  liable  to  overflow. 

A  United  States  Geological  Survey  iron  bench-mark  post  is  set  10 
feet  back  from  gage.     The  elevation  is  9.88  feet  above  the  gage  zero. 
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The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  D.  W.  Ross,  district  engineer. 

Discharge  measurements  of  Succor  Creek  near  Homedale,  Idaho ^  in  1904. 


Date. 


February  19. . 


Hydrographer. 


F.  Stockton. 


May  12 do 


Width. 


Area  of  |      Mean      I     Gase 
section.  I  velocity.      heignt. 


Dis- 
charge. 


Feet. 
30 
42 


Sq.feet.    Ft.  per  sec.]     Feet,      '  Sec-feel. 


58 
42 


1.35 
1.07 


2.65 
3.40 


78 
"45 


a  Backwater. 
Mean  daUy  gage  height,  in  feet,  of  Succor  Creek  near  Homedale,  Idaho,  for  190^. 


Day. 

Jan. 

Feb. 

2.4 

2.4 

2.4 

2.4 

2.45 

2.55 

2.5 

2.45 

2.4 

2.4 

2.5 

2.5 

2.75 

2.6 

3.75 

4.25 

3.75 

3.45 

3.15 

3.0 

2.75 

5.25 

5.0 

5.15 

4.75 

4.1 

3.55 

3.0 

2.95 

Mar. 

Apr. 

3.25 

3.4 

3.35 

3.25 

3.2 

3.3 

3.4 

3.4 

3.2 

3.25 

3.55 

3.5 

3.5 

3.5 

3.45 

3.45 

3.2 

3.15 

3.25 

3.95 

3.6 

3.3 

3.1 

3.1 

3.05 

3.0 

2.9 

2.95 

2.9 

2.8 

May. 

June. 

2.65 

2.45 

2.2 

2.05 

1.9 

2.0 

2.0 

2.0 

1.9 

1.25 

1.25 

1.15 

1.05 

1.0 

1.0 

July. 

Aug. 

Sept. 

Oct. 

Nov.     Dec. 

1 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

3.45 

3.0 

3.05 

2.65 

2.6 

2.65 

2.65 

2.6 

2,6 

2.5 

2.5 

2.5 

2.5 

2.5 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.8 

2.65 

2.6 

2.65 

2.4 

2.75 

4.25 

4.15 

4.4 

4.1 

4.5 

3.55 

3.3 

3.25 

3.15 

3.0 

2.95 

3.95 

3.35 

3.65 

3.15 

3.05 

2.95 

2.9 

2.8 

2.8 

2.8 

3.25 

5.85 

5.1 

4.3 

2.85 

3.0 

2.95 

3.0 

3.0 

3.0 

3.0 

3.0 

3.05 

3.45 

3.5 

3.45 

3.5 

2.55 

1.6 

1.6 

1.65 

1.65 

1.65 

1.7 

1.65 

1.6 

1.55 

1.65 

1.75 

2.15 

2.25 

2.4 

2.65 

2.85 

2.9 

, 

2 

3 

1 
.....    ' 

4 

1 

5 

6 

"" "i'  * " *  ** 

7 

8 

1 

9 

' 

10 

1        

• 

11 

1 

12 

13 

14 

15 

' 

16 

1 *•"  •-•--- 

1       1 

17 

1 1 

18 

!..     '..   ■ 

19 

1 

20 

1 

21 

1 
1 

22 

, 

1 

23 

' 

V..I 

24 

1 

1                         1 

25 

i ' t 

26 

1            1 

27 

1 

28 

1            '            ' 

29 

1             1 

30 

i ' 3.5 

31 

' '        4.0 

J 

a  River  dry  June  16  to  December  29,  inclusive. 
OWYHEE    RIVEE   NEAR   OWYHEE,  OREO. 

This  station  was  established  August  27,  1903,  by  John  H.  Lewis. 
It  is  located  at  the  county  bridge  IJ  miles  from  Owyhee,  Oreg.  A 
large  irrigation  ditch  takes  water  from  the  river  about  6  miles  above. 
The  gage  is  an  inclined  2  by  6  inch  timber  reading  from  1  to  5  feet. 


ROSS,  WHISTLER 
AND  NOBLE 


?'*']        COLUMBIA   RIVER   DRAINAGE    BASIN. 


197 


It  is  located  at  the  upstream  steel  caisson  of  the  left  abutment  of  the 
bridge.  The  gage  is  painted  on  the  vertical  caisson  from  5  to  18  feet. 
A  standard  chain  gage  was  attached  to  the  upstream  side  of  the 
bridge,  near  the  center  of  the  left  span,  July  28,  1904.  The  length 
of  the  chain  from  the  end  of  the  weight  to  the  marker  is  26.40  feet. 
It  is  read  once  each  day  by  D.  T.  Rigsby.  Discharge  measurements 
are  made  from  the  bridge  at  ordinary  stages  and  by  wading  above  the 
bridge  at  extreme  low  water.  The  initial  point  for  soundings  is  the 
center  of  the  upstream  caisson  of  the  left  abutment.  The  channel  is 
straight  for  200  feet  above  and  for  400  feet  below  the  station.  The 
current  is  sluggish  at  low  water.  The  right  bank  is  high  and  rocky 
and  will  not  overflow.  The  left  bank  will  overflow  only  at  extreme 
high  water.  The  bed  of  the  stream  is  composed  of  sand  and  gravel, 
and  is  liable  to  shift  during  freshets.  There  are  two  channels  at  low 
water  and  one  at  high  water.  The  bench  mark  is  the  top  of  the  steel 
caisson,  at  its  outer  edge  directly  above  the  gage.  Its  elevation  is 
18.60  feet  above  the  zero  of  the  gage.  The  bench  mark  to  which  the 
old  station,  located  at  this  point,  was  referred  has  been  destroyed. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  J.  T.  Whistler,  district  engineer. 

Discharge  measurements  of  Owyhee  River  near  Owyhee,  Oreg.j  in  1904. 


Date. 


March  13«.. 
March  14«... 


Ilydn^rapher. 


J.  n.  Lewis 

....do 

April  18 !  H.  D.  NewelL 

May  10  * Murphy  and  Sawyer 

Torkelson  and  Sawyer.  '. 

M.  W.  Torkelson 

Torkelson  and  Sawyer. . 

E.N.Smith 

....do 


June  18  ^' 

July2'' 

July  28  <? 

September  1  <*.. 
October  12 


Width. 

Area  of 
section. 

Feet. 

Sq.feet. 

318 

1,606 

318 

1,492 

300 

'   1,528 

293 

888 

140 

330 

133 

214 

55 

34 

47 

59 

140 

219 

Mean      '     Gaffe 
velocity.      heignt. 


3.80 

3.50 

3.80 

2.40 

1.40 

.64 

1.00 

.27 

.76 


Feet. 
7.00 
6.60 
6.70 
4.85 
3.20 
2.45 
2.00 
1.90 
2.50 


Dis- 
charge. 


Sec-feel. 

6,195 

5,270 

5,835 

2,156 

452 

136 

34 

16 

168 


a  No  water  in  ditch.  b  Ditch  not  Included.  c  Wading  above  station. 

Mean  daily  gage  hevghij  in  feet,  of  Owyhee  River  near  Owyhee,  Oreg.,for  1904- 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

1 

3.00 

2.60 

6.70 

7.90 

2 

2.85 
2.90 

2.64 
2.64 

6.20 
6.00 

6.90 

3 

6.50 

4 

3.00 

2.65 

5.80 

6.40 

5 

3.50 

2.68 

5.60 

6.30 

6 

3.10 

2.70 

5.60 

6.40 

7 

2.90 

2.72 

6.30 

6.45 

May.    June. .  July. 


Aug. 


1 

5.20 

4.20 

2.40 

5.10 

4.25 

2.40 

5.00 

4.20 

2.40 

5.05 

4.05 

2.40 

5.10 

4.00 

2.40 

5.15 

3.95 

2.40 

5.10 

3.90 

2.45 

1.90 
1.85 
1.90 
1.85 
1.80 
1.85 
1.80 


Sept. 

Oct. 

1.90 

2.05 

1.95 

2.10 

1.90 

2.05 

1.95 

2.10 

1.90 

2.20 

1.95 

2.15 

1.90 

2.20 

Nov.  I  Dec 


2.70 
2.65 
2.70 
2.fi5 
2.70 
2.65 
2.60 


2.70 
2.70 
2.75 
2.70 
2.65 
2.60 
2.65 


198 


STREAM   MEASCBKMENTS   IN   1904,  PART   XII. 


[K0.135i. 


Mean  daUy  gage  Tieightj  injeet,  of  Owyhee  River  near  Owyhee ^  Oreg.^for  1904 — Continued. 


Day. 

Jan. 

2.75 
2.55 
2.75 
2.90 
3.00 
3.10 
3.05 
2.90 
2.82 
2.75 
2.»> 
2.50 
2.40 
2.50 
2.70 
2.80 
2.85 
2.86 
2.88 
2.92 
2.85 
2.80 
2.75 
2.70 

Feb. 

2.73 
2.75 
2.78 
2.80 
2.81 
2.80 
2.90 
3.00 
6.50 
6.  CO 

5.eo 

6.00 
5.30 
6.00 
6.50 
6.77 
12.20 
9.60 
9.40 
8.60 
8.10 
7.66 

Mar. 

6.20 
7.^ 
8.20 
8.10 
7.60 
7.20 
7.00 
6.40 
6.20 
6.00 
6.10 
6.40 
7.30 
8.00 
7.80 
7.40 
6.50 
6.40 
6.00 
5.80 
6.20 
7.50 
7.90 
9.00 

Apr. 

6.20 
6.00 
5.80 
5.70 
5.60 
6.00 
6.30 
6.40 
6.50 
6.70 
6.60 
6.50 
6.40 
6.50 
6.40 
6.30 
6.20 
6.10 
6.00 
5.90 
S.fO 
5.40 
5.30 

May. 

5.10 
5.00 
4.95 
4.90 
4.95 
4.90 
5.00 
4.90 
4.80 
4.70 

4.eo 

4.70 
4.60 
4.55 
4.50 
4.45 
4.40 
4.35 
4.30 
4.35 
4.30 
4.25 
4.20 
4.15 

June. 

__ 

3.85 
3.80 
3.75 
3.70 
3.55 
3.50 
3.45 
3.40 
3.35 
3.30 
3.25 
3.10 
3.75 
3.20 
2.90 
2.80 
2.78 
2.70 
2.65 
2.60 
2.55 
2.50 
2.45 

July. 

2.40 
2.35 
2.35 
2.35 
2.35 
2.35 
2.25 
2.20 
2.25 
2.15 
2.20 
2.15 
2.20 
2.15 
2.10 
2.10 
2.05 
2.00 
2.05 
2.00 
2.05 
2.00 
1.95 
2.00 

Aug. 

Sept. 

.Oct. 

2.30 
2.60 
2.55 
2.60 
2.55 
2.50 
2.55 
2.50 
2.55 
2.50 
2.55 
2.60 
2.70 
2.65 
2.70 
2.65 
2.70 
2.65 
2.70 
2.65 
2.70 
2.65 
2.70 
2.65 

1 
Nov. 

'    2.65 
1    2.70  ' 
2.e5 
2.70 
2.65 
2.7D 
2.65  , 
2.70 
2.65 
2.65 
2.70 
2.65 
2.70 
2.e5 
2.70 
2.70  , 
2.65 
2.70 
2.70 
2.70 
2.65  1 

2.70 

1 
2.65 

1 

Dec 

8 

tj.. ............ 

1.75 
1.70 
1.75 
1.76 
1.70 
1.75 
1.65 
1.70 
1.65 
1.60 
1.60 
1.65 
1.70 
1.65 
1.70 
1.75 
1.70 
1.75 
1.70 
1.75 
1.70 
1.75 
1.80 
1.75 

1.95 
"2.00 
1.05 
2.00 
1.95 
2.00 
2.00 
2.05 
2.00 
2.06 
2.00 
2.05 
2.10 
2.15 
2.10 
2.05 
2.00 
2.05 
2.10 
2.15 
2.10 
2.05 
2.10 

3.00 

9 

2.90 

10 

2.>C» 

n 

2.H) 

12 

2.;.'> 

13 

2.70 

14 

2.75 

15 

16 

2.70 
2.70 

17 

2.75 

18 

2.70 

19 

2.75 

20 

2.70 

21 

22 

23 

24 

25 

26 

2.70 
2-75 
2.70 
2.75 
2.70 
2.65 

27 

2.71) 

28 

2,7.i 

29 

2.  TO 

30 

2.75 

31 

3.00 

Rating  table  for  Owyhee  River  near  Owyhee  ^  Oreg.,from  August  28^  1903  ^  to  December  3U 1904. 


Gage 
height. 


Discharge.       ^^^^       Discharge.  |,   ^^j^^ 


Feet. 

Second-feet. 

1.60 

4 

1.70 

6 

1.80 

9 

1.90 

16 

2.00 

30 

2.10 

50 

2.20 

72 

2.30 

96 

2.40 

123 

2.50 

155 

2.60 

190 

2.70 

230 

2.80 

275 

2.90 

325 

3.00 

380 

3.10 

435 

Feet. 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 


Second-feet. 

495 

555 

620 

685 

755 

830 

910 

1,000 

1,095 

1,195 

1,300 

1,410 

1,525 

1,650 

1,780 

1,920 


Feet. 
4.80 

4.90 

5.00 

5.10 

5.20 

5.30 

5.40 

5.50 

5.60 

5.70 

5.80 

5.90 

6.00 

6.20 

6.40 

6.60 


Discharge    l|    j^^jX.      Wadiarge. 


Second-feet. 
2,070 
2,220 
2,380 
2,540 
2,700 
2,860 
3,020 
3,190 
3,370 
3,550 
3,740 
3,930 
4,130 
4,540 
4,970 
5,420 


Feet. 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.50 
10.00 
11.00 
12.00 


Second-feet. 

5,880 

6,360 

6,840 

7,330 

7,840 

8,360 

8,900 

9,440 

9,990 

10,550 

11,110 

11,670 

13,070 

14,520 

17,420 

20,320 


The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  12 
discharge  measurements  made  during  1903  and  1904.  It  is  well  defined  between  gage 
heights  1.80  fe6t  and  7.00  feet.    The  table  has  been  extended  beyond  these  limits. 
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EgtimaUd  monthly  discharge  ofOwykee  River  near  Owyhee ,  Oreg.yfor  1903  and  1904. 

[Drainage  area,  9,875  square  miles.] 


Month. 


1903. 

September 

October 

November 

December 


1904. 


January. . . 
February. . 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December. 


Discharge  in  second-feet. 


Maximum. 


Minimum.  '     Moan. 


Total  in 
acr&-feet. 


44 
118 
495 
408 


685 

20,920 

11,670 

8,630 

2,700 

1,355 

139 

16 

61 

230 

230 

380 


The  year 20,920 


13 

42 

118 

205 


27.6 
97.5 

338. 

283. 


1,642 

5,995 

20,110 

17,400 


123       302 

206  3,955 

3,370  16,012 

2,860  4,680 

1,248   1,998 

139  I    664 


23 

4 

16 

40 

190 

190 


800 
7.8 
34.1 
162 
219 
250 


4   1,530         1,102,000 


18,  570 

227,500 

369,700 

278,500 

122,900 

39,  510 

'  4,919 

482 

2,029 

9,961 

13,030 

15,  370 


Run-off. 


Second-feet  .  t%«^*v  »„ 


0.0028 
.0099 
.034 
.029 


.031 

.401 

.609 

.474 

.202 

.067 

.0081 

.00079 

.0035 

.016 

.022 

.025 


155 


0.0031 
.011 
.038 
.033 

.036 

.432 

.702 

.529 

.233 

.075 

.0093 

.00091 

.0039 

.018 

.025 

.029 


2.09 


To  obtain  the  total  discharge  of  the  river  above  the  Owyhee  ditch 
division  the  following  monthly  discharges  of  the  ditch  should  be 
added : 

Estimated  morUhly  discharge  of  Owyhee  ditch  near  Owheej  Oreg.,for  190^. 


Month. 


May 

June 
July 


Total  in 
acre-feet. 


6,926 

9,726 

11,054 


Month. 


Total  in 
acre-foot. 


August 

September . . 
October  1-20 


9,104 
7, 571 
2,271 


BOISE    RIVER   NEAR   BOISE,  IDAHO. 

The  station,  established  December  15,  1894,  is  located  about  9 
miles  above  Boise,  Idaho,  at  the  mouth  of  the  canyon.  The  original 
gage  was  in  two  sections.     The  lower  part  is  of  2  by  6  inch  plank. 
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inclined  and  marked  from  1  foot  to  7.5  feet;  the  upper  part  is  a  4  by  4 
inch  timber,  placed  vertically,  and  marked  from  7.5  to  12  feet,  both 
portions  painted  white.  The  bench  mark  is  a  bridge  spike  driven 
into  a  Cottonwood  tree  20  feet  from  gage  and  20  feet  from  river.  It  is 
3.40  feet  above  the  8-foot  mark  on  the  gage.  Measurements  are 
made  from  a  cable  just  below  the  gage. 

In  the  latter  part  of  July,  1895,  it  was  decided  to  locate  a  secondary 
gage  on  Boise  River  to  obtain  the  slope  of  the  water  surface.  This 
was  placed  425  feet  below  the  old  gage  and  carefully  connected  by 
means  of  a  level.  Both  were  referred  to  the  same  datum.  At 
that  time  the  lower  end  of  the  old  gage  was  found  to  be  warped  and 
was  corrected.  A  gage  was  also  placed  on  the  lower  Boise  in  order  to 
determine  the  water  going  by  at  the  lowest  stage  during  the  irrigating 
season.  The  meter  can  generally  be  used  by  wading,  but  in  high 
water  measurements  can  be  made  from  a  wagon  bridge. 

April  18,  1897,  the  river  cut  into  the  right  bank  of  the  station,  car- 
rying out  the  cable  and  leaving  the  gage  on  a  small  island,  so  that  the 
record  after  that  date  is  unreUable.  A  temporary  gage  was  there- 
fore established  May  12  at  the  Broadway  Bridge,  at  Boise,  and  a 
record  kept  by  it  until  June  17,  when  a  new  gage,  which  is  now  used, 
was  again  placed  in  the  canyon  1  mile  above  the  old  location.  The 
inclined  rod  is  firmly  attached  to  a  Cottonwood  tree.  The  bench 
mark  is  a  20-penny  spike  in  the  upstream  face  of  the  6  by  8  inch  cable 
support,  about  2  feet  above  the  ground.  Its  elevation  is  15.00  feet 
above  datum.  Two  spikes  in  same  post  are  14.00  feet  above  datum. 
Discharge  measurements  are  made  from  a  cable  and  car  50  feet  below 
the  gage.  An  auxiliary  cable  for  flood  measurements  is  placed  117 
feet  above  the  main  cable.  The  initial  point  for  soundings  is  the  face 
of  the  cable  support  on  the  right  bank.  At  ordinary  stages  the  chan- 
nel is  straight,  both  above  and  below  the  station.  The  banks  are 
high  and  not  liable  to  overflow.  About  300  feet  below  the  cable  is  a 
gravel  bar,  reducing  the  width  of  the  river  at  low  water  to  about  one- 
third  of  the  channel  and  forcing  the  entire  flow  against  the  south  bank. 
The  channel  is  liable  to  change  during  extreme  high  floods.  During 
1900  the  New  York  Canal  Company  built  a  wing  dam  of  timber  and 
loose  rock,  headed  about  150  feet  below  the  station  and  extending 
from  the  north  bank  diagonally  down  and  across  the  stream  a  distance 
of  about  50  feet,  in  order  to  protect  the  north  bank  from  erosion. 
The  construction  of  this  wing  dam  did  not  seem  to  interfere  with  the 
flow  of  the  river  at  the  station.  During  the  year  1902  new  cable 
supports  were  set  and  bench  marks  were  carefully  verified. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  D.  W.  Ross,  district  engineer. 
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DiMharge  miaturtmenis  cf  Boise  River  near  Boiaef  Idaho,  in  190J^ 


Date. 


Hydrographer. 


May? F.S.Stockton 

June  8 Stockton  and  Bond. 

June  28 do 

July  16 do 

August  11 do.. 

October  7 do 


Width. 

Area  of 
sec'tioD. 

Mean 
velocity. 

Gage 
height. 

Dis- 
charge. 

Feet. 

Sq./eet. 

Ft.  per  gee. 

Feet. 

Sec-feet. 

300 

i,»ao 

6.53 

5.95 

12,600 

295 

1,660 

6.08 

5.10 

10,090 

288 

1,224 

4.44 

3.56 

5,433 

284 

796 

3.48 

2.10 

2,772 

270 

396 

2.90 

.70 

1,188 

270 

353 

2.62 

.40 

1,003 

Mean  daily  gage  "height  y  in  feet ,  of  Boise  River  near  Boise ,  Idaho,  for  190^. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 : 0.6 

2 

2.5 

2.1 

2.1 

1.95 

1.95 

1.95 

2.5 

4.6 

2.9 

2.9 

3.1 

3.5 

3.7 

3.8 

3.7 

3.75 

4.1 

5.3  . 

5.6 

6.25 

6.75 

7.4 

7.85 

7.35 

7.0 

6:7 

7.2 

7.4 

6.7 

5.8 

5.2 

4.9 

4.9 

5.5 

6.2 

5.7 

5.5 

5.35 

5.2 

5.2 

5.6 

6.0 

5.8 

5.85 

5.8 

6.7 

5  7 

5.85 

5.85 

6.0 

6.0 

6.1 

6.2 

6.2 

6.2 

6.3 

6.3 

6.6 

7.0 

7.4 

7.6 

7.4 

6.9 

6.55 

5.8 

5.8 

6.0 

5.6 

5.7 

5.7 

5.7 

5.3 

5.0 

5.0 

5.2 

5.1 

5.1 

5.05 

5.0 

5.0 

4.8 

4.6 

4.7 

4.8 

5.2 

5.4 

5.3 

5.2 

4.85 

4.7 

4.6 

4.4 

4.0 

3.8 

3.6 

3.6 

3.6 

3.7 

3.7 

3.7 

3.6 

3.6 

3.6 

3.2 

3.2 

3.2 

3  2 

3.2 

2.9 

2.7 

2.5 

2.4 

2.3 

2.2 

2.1 

1.9 

1.9 

1.85 

1.8 

1.8 

1  8 

1.&5 

1.7 

1.6 

1.4 

1.3 

1.3 

1.3 

1.2 

1.1 

1.05 

1.0 

1.0 

1.0 
.95 

1.1 

1.05 

1.1 

1.1 
.65 
.65 
.6 
.6 
.6 
.58 
.55 
.58 
.55 
.58 
.55 
.65 
.65 
.65 
.3 
.3 
.2 
.12 
.12 
.12 
.4 
.4 

0.3 
.05 
.05 
.05 
.05 
.05 
-.4 
-.4 
-.4 
-.4 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.2 
.25 
.2 
.3 
.2 
.3 
.3 
.3 
.3 
.4 
.4 

0.4 
.35 

3 

.2 

4 

5 

0.85 

.12 
.2 

6 

.3 

7 ! 

.4 

8 ' 

.4 

9 

10 

5.6 
4.1 
3.5 
3.3 
3.1 
2.9 
2.8 
2.6 
2.7 
2.8 
3.3 

.45 
.5 

11 

.5 

12 ' 88 

13 1 - 

.5 
.45 

14 

.4 

15 

.9    

.4 

16 

.6 

17 

3.0 

.6 

18 

.6 

19 

1 

1 

.65 

» j ■ 

21 

3.2 

3.05 

2.85 

2.8 

2.6 

.5 
.5 

22 

.42 

23 '....;... 

*"•""""■ 

24 

2.5 

25 

.9 

2-S5 

26 

2.4 

2.45 

2.3 

32 

3.2 

2.9 

27 

.45 

28 

29 

30 

31 

.202 
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Raiing  tahlefor  Boise  River  near  BoisSf  Idaho,  from  January  1  to  December  31, 190^ 


Gage 
height. 

Dischaiige. 

Gage 
height. 

Feet. 

Diiicharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feel. 

Second-feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Secomd-feet,  ' 

-0,40 

280 

1.40 

1,920 

3.20 

4,680 

5.00 

9,440     ' 

-   .30 

350 

1.50 

2,030 

3.30 

4,890 

5.10 

9,770 

-T   .20 

425 

1.60 

2,140 

3.40 

5,100 

5.20 

10,110       : 

-  .10 

500 

1.70 

2,260 

3.50 

5,320 

5.30 

10,450     ' 

.00 

580 

1.80 

2,380 

3.60 

5,540 

5.40 

10,790 

.10 

665 

1.90 

2,500 

3.70 

5,770 

5.60 

11,470 

.20 

750 

2.00 

2,630 

3.80 

6,010 

5.80 

12,150     j 

.30 

840 

2.10 

2,760 

3.90 

6,250 

6.00 

12,830 

.40 

930 

2.20 

2,900 

4.00 

6,500 

6.20 

13,550 

.50 

1,020 

2.30 

3,050 

4.10 

6,760 

6.40 

14,270     J 

.60 

1,115 

2.40 

3,210 

4.20 

7,020 

6.60 

14,990     ; 

.70 

1,210 

2.50 

3,370 

4.30 

7,300 

6.80 

15, 710 

.80 

1,305 

2.60 

3,540 

4.40 

7,580 

7.00 

16, 450     1 

.90 

1,400 

2.70 

3,720 

4.50 

7,880 

7.20 

17, 210 

1.00 

1,500 

2.80 

3,900 

4.60 

8,180 

7.40 

17, 970     ! 

1.10 

1,600    ' 

2.90 

4,090 

4.70 

8,480 

7.60 

18,730     1 

1.20 

1,705 

3.00 

4,280 

4.80 

8,800 

7.80 

19,490 

1.30 

1,810 

3.10 

4,480 

1 

4.90 

9,120 

» 

1 
1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  6 
discharge  measurements  made  during  1904.  It  is  fairly  well  defined  between  gage  heights 
0.50  foot  and  6.00  feet.    The  table  has  been  extended  beyond  these  limits. 

Estimated  monthly  discharge  of  Boise  River  near  Boise,  Idaho,  for  190^. 

[Drainage  area,  2,614  square  miles.n] 


Month. 


March 

April 

May 

June 

July. 

August 

September. 
October... 


Dischai^  in  second-feet. 


Maximum. 


The  period. 


Minimum. 


11, 470 

2,565 

19,680 

4,090 

18,730 

10, 110 

11,810 

5,540 

5,770 

1,600 

1,600 

682 

930 

280 

1,163 

682 

Mean. 


4,260 

11,200 

13,360 

8,689 

3,257 

1,156 

730 

951 


Total  in 
acre-feet. 


Run-ofl. 


Seoond-feet 

per  square 

mile. 


\ 


261,900 

666,400 

821,500 

517,000 

200,300 

71,080 

43,440 

58,480 


1.63 
4.28 
5.11 
3.32 
1.25 
.442 
.279 
.364 


Depth  in 
inches. 


1.88 
4.7S 
5.89 
3.70 
1.44 
.510 
.311 
.420 


2,640,000 


a  Drainage  area  revised  since  1903  report. 


KOm,  WHIfiTTLES 
AND  NOBLE 
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MALHEUR   RIYER   NEAR   WE8TFALL,  OREG. 

This  station  was  established  December  15,  1903,  by  John  H.  Lewis. 
It  is  located  3  miles  below  the  Harper  ranch,  near  Westfall,  22  miles 
above  Vale,  Oreg.  A  plain  staff  gage,  graduated  to  feet  and  tenths, 
was  attached  vertically  to  a  frame  bent  of  a  bridge  which  formerly 
occupied  this  site,  on  the  left  bank.  An  inclined  gage,  graduated  to 
read  direct  to  feet  and  tenths,  was  established  on  the  right  bank  50 
feet  above  the  cable  July  27,  1904.  The  slope  is  2  inclined  to  1  ver- 
tical. The  gage  is  read  gratuitously  once  each  day  by  Lewis  Scott, 
Superintendent  Pacific  Live  Stock  Company.  Discharge  measure- 
ments are  made  by  means  of  a  cable,  car,  tagged  wire,  and  stay  wire. 
The  initial  point  for  soundings  is  the  zero  of  the  tagged  wire,  and  is 
20.6  feet  from  the  lower  end  of  the  turn-buckle.  The  channel  is 
straight  for  about  1,000  feet  above  and  200  feet  below  the  station, 
and  the  current  is  swift.  The  right  bank  is  low,  covered  with  sage 
brush,  and  overflows  during  high  water.  The  left  bank  is  high, 
rocky,  and  not  liable  to  overflow.  The  bed  of  the  stream  is  composed 
of  gravel  and  sand,  free  from  vegetation,  and  is  shifting.  There  is 
but  one  channel  at  low  water,  and  one  main  channel  and  two  sloughs 
at  high  stages.  Bench  mark  No.  1  is  the  head  of  a  drift  bolt  project- 
ing from  the  top  surface  at  the  east  end  of  the  frame  bent  to  which 
the  gage  is  attached.  Its  elevation  is  17.64  feet  above  the  zero  of 
the  gage.  Bench  mark  No.  2  is  the  top  of  a  stake  on  the  left  bank 
near  the  gage  and  75  feet  from  the  river  bank.  Its  elevation  is  23.14 
feet  above  the  zero  of  the  gage.  Bench  mark  No.  3  is  the  top  of  a 
stake  on  the  right  bank,  directly  in  line  with  the  cable  and  185  feet 
from  the  deadman.     Its  elevation  is  18.50  feet  above  the  zero  of  the 

gage. 

The  bench  mark  for  the  inclined  gage  is  a  nail  in  the  top  of  a  3  by  6 
inch  post  to  which  the  stay  wire  is  fastened.  Its  elevation  is  15.92 
feet  above  the  zero  of  the  gage.  As  the  inclined  gage  is  referred  to 
a  new  datum,  this  bench  mark  supersedes  the  others. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  John  T.  Whistler,  district  engineer. 
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Discharge  measurements  ofMcHheyr  River  near  WestfdUf  Oreg.,  in  1904, 


Date. 


March  8. 
March  9. 


Hydrographer. 


J.  H.  Lewis. 
do 


Mtereh  10 do 

April  7 Lewis  and  Newell. 

April  13 H.D.  Newell 

May  18 J.  M.  Griffin. 


Width. 


May  25 

June  17 

July21« 

August  25  «  .. 
October  23  «. 


do.. 


Sawyer  and  Torkelson. . . 

M.  W.  Torkelson 

Sawyer  and  Smith 

E.N.Smith 


Feet. 

201 

201 

199 

198 

201 

195 

195 

190 

40 

23 

39 


Area  of 
section. 


Sq.feet. 

1,330 

1,456 

1,009 

688 

896 

455 

439 

186 

58 

19 

46 


Mean 
velocity. 


Ft.  per  tec. 
6.20 
6.30 
5.10 
4.31 
5.90 
3.77 
3.76 
2.40 
2.50 
2.32 
3.20 


Gace 
height. 


Feet. 
ILIO 
11.65 
9.50 
8.65 
9.70 
7.30 
7.30 
6.18 
5.50 
5.25 
5.63 


Dis- 
charge. 


Sec-feet. 

8,300 

9,150 

5,160 

2,965 

5,290 

1,716 

1,652 

446 

145 

44 

147 


a  Made  at  diilerent  section. 


Mean  daUy  gage  TieigTUf  in  feet ,  ofMcHhewr  River  near  WestfdU,  Oreg.  y  for  190^, 


Day. 


1. 
2. 
3. 
4. 
5. 
6. 
7. 


Mar. 


8 11.01 


9. 
10. 
II. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


11.70 
9.40 
8.60 
8.20 
7.80 
7.80 
7.80 
8.30 
8.40 
8.70 
8.70 
8.70 
8.50 
8.40 
7.30 
7.00 
6.80 
6.70 
6.70 
6.70 
9.10 
9.00 
8.30 


Apr. 


7.80 

8.00 

8.20 

8.70 

8.80 

8.60 

8.70 

8.30 

8.30 

8.80 

9.10 

9.50 

9.70 

10.20 

10.50 

10.50 

10.20 

10.00 

9.70 

10.70 

10.60 

10.60 

9.80 

9.80 

9.50 

8.20 

9.70 

9.20 

9.40 

9.00 


May. 


8.90 
8.60 
8.50 
8.30 
8.30 
8.20 
8.00 
7.70 
7.80 
7.80 
7.80 
7.80 
7.60 
7.50 
7.50 
7.40 
7.40 
7.30 
7.30 
7.30 
7.30 
7.10 
7.10 
7.20 
7.30 
7.20 
7.10 
7.00 
6.90 
6.80 
6.70 


June. 


July.  !  Aug. 


Sept.  I    Oct.       Nov 


6.60 
6.50 
6.50 
6.40 
6.40 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.10 
6.10 
6.10 
6.10 
6.10 
6.00 
6.00 
5.90 
5.80 
5.80 
5.80 
5.80 
6.70 


5.70 
5  70 
5.70 
6.70 
6.70 
6.70 
5.70 
5.70 
6.70 
5.80 
5.80 
5.80 
6.30 
6.70 
5.70 
5.60 
5.60 
5.60 
6.60 
6.60 
•  6.60 
5.50 
5.50 
5.50 
6.50 
6.60 
6.50 
5.50 
6.60 
5.40 
6.40 


6.40 
5.40 
5.40 
5.35 
5.35 
6.30 
6.30 
5.30 
5.30 
5.25 
5.25 
5.25 
5.25 
5.30 
5.30 
5.30 
5.25 
5.25 
6.26 
6.25 
6.26 
6.25 
5.25 
5.25 
6.25 
5.25 
5.30 
5.30 
625 
5.25 
5.20 


5.20 
5.20 
5.20 
5.20 
5.20 
5.30 
5.20 
5.20 
5.20 
5.20 
5.20 
5.30 
5.30 
5.30 
5.30 
5.30 
5.30 
6.40 
6.40 
6.40 
6.40 
6.40 
5.40 
6.40 
6.40 
6.55 
6.55 
5.50 
5.50 
6.60 


5.50 

5.50 

6.50 

5.50 

5.50 

5.50 

5.50 

5.55 

5.55  , 

6.62  I 

5.60 

5.60 

5.60  I 

5.62 

5.62  , 

5.60 

5.60  I 

5.62 

5.60  I 

5.60 

5.60 

6.60 

5.60 

6.60 

5.60 

5.60 

5.60 

5.60 

5.60 

6.60 

5.60 


5.60 
5.60 
5.60 
5. 60 
5.60 
5.60 
5.60 
5.60 
5  60 
5.00 
5.60 
5.60 
5.60 
5.O0 
5.60 
5.60 
5.60 
5.70 
5.70 
5.70 


'"'T^oVlf''']        COLUMBIA 

.    RIVER 

DRAINAGE    BASIN. 
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Rating  iahU  for  Malheur  River  near  Westfaa,  Oreg.,fr<m  March  8  to  December  31, 1904, 

Ctege 
nelgnt. 

DiBchaii;e. 
Second-feet. 

Oage 
height. 

1 

Discharge. 

Oage 
height. 

Discharge. 
Second-feet. 

Oage 
height. 

1 

DiBchargv). 

1 

Feet. 

Feet, 

Second-feet. 

Feet. 

Feet. 

Second-feet. 

5.30 

64 

6.80 

893 

8.20 

2,513 

10.20 

6,288 

5.40 

104 

6.90 

1 

982 

8.30 

2,668 

10.40 

6,696 

5.50 

146 

7.00 

1,075 

8.40 

2,827 

'     10.60 

1 

7,104 

5.60 

188 

7.10 

1,172 

8.50 

2,990 

10.80 

7,512 

5.70 

230 

7.20 

1,273 

8.60 

3,160 

11.00 

7,920 

5.80 

274 

7.30 

1,378 

8.70 

3,332 

11.20 

8,328 

5.90 

318 

7.40 

1,487  . 

8.80 

3,509 

11.40 

8,736 

6.00 

362 

7.50 

1,600  . 

8.90 

3,692 

11.60 

9,144 

6.10 

411 

7.60 

1,717 

9.00 

3,880 

11.80 

9,552 

6.20 

463 

7.70 

1 

1,838 

9.20 

4,263 

12.00 

9,960 

6.30 

519 

i      7.80 

1,963 

9.40 

4,657 

12.50 

10,980 

6.40 

581 

7.90 

2,092 

9.60 

5,064 

13.00 

1 

12,000 

6.50 

650 

1      8.00 

1 

2,225 

9.80 

5,472 

'     14.00 

14,040 

6.60 

727 

1      8.10 

2,365 

10.00 

5,880 

15.00 

16,080 

6.70 

808 

1 

1 

The  above  table  is  applicable 
discharge  measurements,  made 
and  11.50  feet  gage  heights. 


for  open-channel  conditions  only.     It  is  based  upon  1 1 
during  1904.     It  is  fairly  well  defined  between  5.25  feet 


Estimated  monthly  discharge  ofMcJheur  River  near  We^dUf  Oreg.,for  1904- 


Month. 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


Mean. 


January  **. . , 
February  *. . 
March".... 

April 

May 

June 

July 

August 

September. . 

October 

November". 
December". 


I 


9,348 
7,308 
3,692 
727 
519 
104 
167 
196 


808 

1,963 

808 

230 

104 

34 

34 

146 


The  period. 


229 

3,099 

2,767 

4,617 

1,749 

450 

206 

58 

80 

178 

216 

230 


Total  in 
acre-feet. 


14,080 

178,300 

170, 100 

274,700 

107,500 

26,780 

12, 670 

3, 566 

4,760 

10,940 

12,850 

14,140 


1,157 


830,400 


a  Estimated  January,  February,  March  1  to  7,  November  21  to  30,  and  December  l  to  31. 


206  STREAM   MEASUREMENTS   IN   1904,  PART   XII.  [»o.  135. 

MALHEUR  RIVER  AT  VALE,  OREO. 

This  station  was  established  as  a  temporary  station  May  20,  1903, 
by  N.  S.  Dils.  The  permanent  station  was  established  June  30, 
1903.  It  is  located  at  the  steel  highway  bridge  one-eighth  mile 
southeast  of  Vale,  Oreg.  The  lower  section  of  the  original  gage 
was  an  inclined  2  by  6  inch  timber  under  the  downstream  edge 
of  the  bridge,  near  the  left  pier.  It  read  from  0  to  14  feet.  This 
section  being  destroyed  by  flood  February  16,  1904,  it  was 
replaced  February  25,  1904,  by  a  vertical  section  nailed  to  a 
vertical  post  12  feet  downstream  from  caisson  at  the  left  abutment 
of  the  bridge.  The  upper  section,  reading  from  14  to  20  feet,  was 
painted  on  the  downstream  side  of  the  downstream  caisson  of  the 
left  abutment.  A  standard  chain  gage  was  attached  to  the  down- 
stream side  of  the  bridge  near  the  center  of  the  span  July  25,  1904. 
The  length  of  the  chain  from  the  end  of  the  weight  to  the  marker 
is  30.41  feet. 

During  1904  the  gage  was  read  twice  each  day  by  E.  R.  Murray 
and  J.  A.  Newton.  Dischai^e  measurements  were  originally  made 
from  the  upstream  side  of  the  bridge  at  which  the  gage  is  located. 
On  March  2,  1904,  a  cable,  car,  and  tagged  and  stay  wire  were 
installed  about  one-fourth  mile  downstream  from  the  gage  and 
directly  opposite  the  town  of  Vale.  The  initial  point  for  soundings 
is  the  zero  of  the  tagged  wire,  on  the  left  bank,  28.7  feet  from  the 
lower  end  of  the  tum-buckle.  The  channel  is  straight  for  about 
200  feet  above  and  300  feet  below  the  station,  and  the  current  is 
swift.  The  right  bank  is  high,  rocky,  free  from  vegetation,  and 
does  not  overflow.  The  left  bank  is  low,  composed  of  firm  earth, 
covered  with  small  sagebrush,  and  liable  to  overflow  at  .high  water, 
at  which  times  the  water  flows  in  two  sloughs  on  the  left  bank, 
which  can  be  measured  by  wading.  The  bed  of  the  stream  is  com- 
posed of  gravel  and  sand,  free  from  vegetation,  and  is  liable  to 
shift.  There  is  but  one  channel  at  all  stages,  with  the  exception 
of  the  above-mentioned  sloughs.  A  station  has  been  maintained 
here  at  intervals  since  1890.  The  bench  mark  is  the  top  surface  of 
the  east  steel  caisson  at  the  north  end  of  the  bridge.  Its  elevation 
is  21.63  feet  above  the  zero  of  the  gage  and  2,236.56  feet  above  sea 
level. 

The  observations  at  this  station  during  1904  have  been  made 
under  the  direction  of  John  T.  Whistler,  district  engineer. 


ROSS.  WHISTLER 
AND  NOBLE. 


']        OOLUMBIA   BIVER   DRAINAGE    BASIN. 


207 


DMiorge  measurements  of  Malheur  River  at  VaUf  Oreg,,  in  190J^. 


Date. 


March  11.... 

April  5 

April  12 

April  16 

April  24 

May  9 

June  15 

June  16 

July  11 

July  20 

August  6  <*  . . 
September  24 
October  10  ^  . 


Hydrographer. 


J.  H.  Lewis 

Lewis  and  Newell 

H.  D.  NeweU 

do 

J.  M.  GriflSn 

Murphy  and  Sawyer. . . 

J.  M.  Griffin 

Sawyer  and  Torkelson  . 

M.  W.  Torkelson 

do 

Smith  and  Torkelson. . . 

E.N.Smith 

do 


Width. 


Area  of 
section. 


I 
Mean  Gase 

velocity.  ;   height. 


Sq,  feet.   Ft.  per  Bee. 
4.85 


968 

862 

1,090 

1,265 

1,050 

697 

312 

290 

217 

185 

44 

46 

73 


4.95 
5.63 
6.26 
5.60 
3.38 
1.78 
1.48 
1.00 
.60 
1.05 
1.24 
1.03 


Feet. 

8.28 

8.42 
9.33 
10.22 
8.75 
6.82 
5.10 
4.98 
4.40 
4.00 
3.75 
3.78 
4.08 


Die- 
chaige. 


I  Sec-feet. 
4,695 

4,269 

6,136 

7,912 

5,670 

2, 310 

556 

430 

214 

107 

47 

57 

75 


a  Wading  above  station.  h  Floats. 

Mean  daUy  gage  "height,  in  feet,  cfMalhevT  River  at  Vale,  Oreg.,for  190J^ 


Day. 

Jan. 

Feb. 

4.80 

Mar. 

Apr. 

May. 

8.20 

June. 

July. 
4.20 

Aug. 
3.78 

Sept. 
3.75 

Oct. 

Nov. 
4.20 

Dec. 

1 

4.20 

7.00 

7.70 

5.65 

3.90 

4.35 

2 

4.00 

4.75 

7.00 

7.40 

7.95 

5.60 

4.20 

3.80 

3.70 

3.90 

4.20 

4.32 

3 

4.10 

4.50 

6.68 

8.70 

7.80 

5.60 

4.20 

3.80 

3.70 

3.90 

4.20 

4.25 

4 

4.20 

4.25 

6.45 

8.30 

7.60 

5.60 

4.20 

3.70 

3.70 

3.90 

4.20 

4.10 

5 

4.20 

4.20 

6.90 

8.55 

7.45 

5.60 

4.20 

3.80 

3.70 

3.92 

4.20 

4.28 

6 

4.15 

4.20 

7.50 

8.50 

7.35 

5.50 

4.10 

3.75 

3.70 

3.95 

4.25 

4.10 

7 

4.25 
4.35 
4.50 
4.35 
4.30 
4.30 

4.20 
4.10 
4.00 
4.20 
4.40 
4.55 

9.10 
10.55 
10.90 
9.50 
8.10 
7.70 

8.25 
8.08 
8.00 
8.04 
8.07 
9.03 

7.10 
6.05 
6.80 
6.80 
6.70 
6.70 

5.50 
5.50 
5.40 
5.40 
5.30 
5.30 

4.10 
4.70 
4.45 
4.20 
4.30 
4.40 

3.70 
3.70 
3.70 
3.80 
3.80 
3.80 

3.70 
3.70 
3.70 
3.70 
3.70 
3.70 

4.00 
4.40 
4.10 
4.10 
4.10 
4.10 

4.25 
4.25 
4.25 
4.25 
4.30 
4.25 

4.20 

8 

4.28 

9 

4.25 

10 

4.20 

11 

4.25 

12 

4.35 

13 

4.30 

4.50 

7.10 

9.06 

6.65 

5.20 

4.40 

3.80 

3.70 

4.20 

4.25 

4.35 

14 

4.30 

4.30 

6.96 

9.06 

6.60 

5.15 

4.35 

3.80 

3.70 

4.20 

4.25 

4.40 

15 

4.35 
4.45 
4.60 
4.65 

4.45 

10.15 

8.75 

8.55 

7.05 
7.15 
6.95 
7.65 

10.02 

10.02 

9.90 

9.55 

6.50 
6.50 
6.45 
6.40 

5.10 
5.00 
4.90 
4.80 

4.20 
4.20 
4.20 
4.15 

3.80 
3.80 
3.80 
3.80 

3.70 
3.70 
3.70 
3.70 

4.20 
4.20 
4.20 
4.30 

4.25 
4.25 
4.25 
4.30 

4.35 

16 

4.10 

17 

4.40 

IS 

4.40 

19 

4.60 

7.10 

8.05 

9.30 

6.35 

4.80 

4.10 

3.80 

3.70 

4.30 

4.30 

4.40 

20 

4.50 

6.45 

8.40 

10.10 

6.30 

4.75 

4.00 

3.80 

3.70 

4.20 

4.30 

4.40 

21 

4.40 

6.00 

8.28 

10.55 

6.20 

4.70 

4.00 

3.80 

3.70 

4.20 

4.30 

4.35 

22 

4.45 

13.60 

7.20 

10.90 

6.10 

4.70 

4.00 

3.80 

3.75 

4.20 

4.30 

4.20 

23 

4.55 
4.60 
4.60 
4.80 
4.80 
4.70 
4.65 
4.60 
4.75 

10.20 
11.10 
13.70 
9.85 
8.15 
7.40 
6.90 

7.05 
6.70 
6.38 
6.20 
6.22 
6.40 
7.60 
8.45 
8.30 

9.70 
9.05 
8.70 
8.45 
8.15 
8.35 
8.50 
8.35 

6.10 
6.15 
6.20 
6.20 
6.05 
6.00 
5.95 
5.80 
5.70 

4.70 
4.60 
4.60 
4.55 
4.50 
4.40 
4.40 
4.30 

4.00 
4.00 
3.90 
3.95 
3.92 
3.90 
3.88 
3.82 
3.82 

3.75 
3  75 
3.75 
3.75 
3.75 
3.80 
3.80 
3.75 
3.75 

3.75 
3.80 
3.85 
3.90 
4.00 
3.95 
3.90 
3.90 

4.25 
4.20 
4.20 
4.20 
4.20 
4.22 
4.20 
4.20 
4.20 

4.30 
4.35 
4.35 
4.38 
4.40 
4.40 
4.40 
4.40 

4.25 

24 

4.35 

25 

4.20 

26 

4.30 

27 

4.30 

» 

4.40 

2» 

4.25 

30 

4.25 

31 

4.75 
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Rating  table  for  Malheur  River  at  Vale,  Oreg.,from,  March  11  to  December  31, 1904- 


Gage 
height. 

Feet. 

Discharge. 

Gaae 
heignt. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

1 
Diachargp. 

1 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

1 
Seeondr-feet, 

3.70 

40 

5.20 

595 

6.60 

1,921 

9.00 

5,700 

3.80 

57 

5.30 

660 

6.70 

2,046 

9.20 

6,076 

3.90 

81 

5.40 

729 

6.80 

2,176 

9.40 

6,452 

4.00 

107 

5.50 

800 

6.90 

2,311 

9.60 

6,828 

4.10 

133 

5.60 

877 

7.00 

2,450 

9.80 

7,204     , 

4.20 

150 

5.70 

958 

7.20 

2,732 

10.00 

7,580 

4.30 

186 

5.80 

1,044 

7.40 

3,021 

10.50 

8,520 

4.40 

215 

5.90 

1,138 

7.60 

3,321 

11.00 

9,460 

4.50 

250 

6.00 

1,240 

7.80 

3,630 

11.50  ' 

10,400 

4.60 

288 

6.10 

1,345 

8.00 

3,950 

12.00 

11,340 

4.70 

329 

6.20 

1,454 

8.20 

4,280 

12.50 

12,280 

4.80 

371 

6.30 

1,566 

8.40 

4,624 

13.00 

13,220 

4.90 

419 

6.40 

1,681 

8.60 

4,976 

13.50 

14, 160 

5.00 

475 

6.50 

1,800 

8.80 

5,334 

14.00 

15>100     1 

5.10 

534 

The  above  table  is  applicable  for  open-channel  conditions.  It  is  based  upon  20  dischaige 
measurements  made  during  1903  and  1904.  It  is  fairly  well  defined  between  gage  heights, 
3.70  feet  and  9.30  feet.    The  table  has  been  extended  above  9.30  feet. 

Estimated  monthly  discharge  of  Malheur  River  at  Vale,  Oreg.,for  1904- 


Month. 


January  «.. 
February «'. 

March  « 

April 

May 

June 

July 

August 

September. 

Octol)er 

November. 
December. . 


The  year. 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


14,540 


371 

107 

14,540 

107 

9,272 

1,454 

9,272 

3,021 

4,280 

958 

917 

186 

329 

61 

57 

40 

107 

40 

215 

81 

215 

159 

350 

133 

Mean. 


236 
3,105 
3,461 
5,524 
2,027 

533 

146 
52.1 
50.4 

144 

182 

188 


40  I  1,304 


Totalin 
acre-feet. 


14,  510 

178,600 

212,800 

328,700 

124,600 

31,720 

.8,977 

3,203 

2,999 

8,851 

10,830 

11,560 


937,400 


o  January  1  to  I  Irjch  10,  Inclusive,  estimated 
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MALHEUR   RIVER  AT  M'lAUOHLIN'S   BRIDGE,    NEAR   VALE,  OREO. 

This  station  was  established  December  10,  1904,  by  W.  C.  Sawyer. 
It  is  located  at  the  new  county  bridge,  known  as  McLaughlin^s  bridge, 
10  miles  above  Vale,  Oreg.  A  standard  chain  gage  is  attached  to 
the  upstream  hand  rail  of  the  bridge,  near  the  left  bank.  The 
length  of  the  chain  frgm  the  end  of  the  weight  to  the  marker  is 
21.72  feet.  The  gage  is  read  weekly  during  ordinaiy,  and  daily 
during  flood  stages  by  R.  N.  Linebarger.  Discharge  measurements 
are  made  from  the  iron  bridge  to  which  the  gage  is  fastened,  con- 
sisting of  two  spans  and  wooden  approaches. 

The  observations  at  this  station  during  1904  have  been  made 
under  the  direction  of  John  T.  Whistler,  district  engineer. 

MALHEUR  RIVER  AT  HALLIDAT's    BRIDGE,  NEAR  ONTARIO,  GREG. 

This  station  was  established  December  8,  1904,  by  W.  C.  Sawyer. 
It  is  located  at  the  county  bridge,  known  as  HalUday's  bridge,  which 
is  10  miles  above  Ontario,  Oreg.  A  standard  chain  gage  is  attached 
to  the  upstream  handrail  of  the  bridge  near  the  right  bank.  The 
length  of  the  chain  from  the  end  of  the  weight  to  the  marker  is  23.70 
feet.  The  gage  is  read  daily  by  T.  W.  Halliday.  The  measurements 
are  made  from  the  upstream  side  of  the  bridge.  The  channel  is 
straight  for  about  one-fourth  mile  above  the  station  and  800  feet 
below.  The  right  bank  is  clean,  high,  and  does  not  overflow.  The 
left  bank  is  clean  and  high,  but  overflows  at  very  high  water.  The 
bed  of  the  stream  is  sandy,  clean,  and  shifting.  There  is  one  channel 
at  all  stages.  The  initial  point  for  soundings  is  20  feet  from  the 
truss  pin  of  the  upstream  truss  on  the  right  bank.  Bench  mark  No. 
1  is  the  south  end  of  the  bedplate  which  supports  the  south  end  of 
the  upstream  truss.  Its  elevation  is  18.99  feet  above  datum  of  the 
gage  and  2,201.40  feet  above  sea  level.  Bench  mark  No.  2  is  the 
north  end  of  the  bedplate  which  supports  the  north  end  of  the  up- 
stream truss.  Its  elevation  is  18.89  feet  above  datum  of  the  gage. 
A  temporary  bench  mark  is  the  top  of  the  upstream  end  of  the  first 
floor  beam  from  the  right  bank,  38.5  feet  from  the  initial  point  for 
soundings.  Its  elevation  is  19.27  feet  above  the  datum  of  the  gage. 
This  station  was  established  as  a  temporary  one  to  assure  records 
in  case  other  statipns  on  Malheur  River  and  Willow  Creek  should  be 
damaged  by  floods. 

The  observations  at  this  station  during  1904  have  been  made 
under  the  direction  of  John  T.  Whistler,  district  engineer. 
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Discharge  measurements  of  Malheur  River  at  HaUiday^s  bridge^  near  Ontario,  Oreg.,  in  190^ 


Date. 


Hydrographer. 


February  23. 
December  7  . 


J.  II.  Lewis. . . 
W.  C.  Sawyer, 


Width. 

Feet. 
130 

28 


Area  of 
section 


Sq.  feet. 
1,073 

48 


I 

Mean  Oase  Dis- 

velocity.  I   heigbt.       charge. 


Ft,  per  sec)     Feet.      ,  Sec,-/rrt 
7.8  I     12.2     '       8,370 
1.6  I       2.05  I  76 


Mean  daily  gage  height,  in  feet,  of  Malheur  River,  at  HaUiday^s  bridge  near  Ontario,  Oreg,, 

for  1904. 


Day. 

Dec. 

2.5 

2.5 

2.3 

2.25 

2.4 

2.45 

1 

Day. 

Dec. 

2.5 
2.5 
2.3 
2.4 
2.9 
2.7 

Day. 
20 

Dec. 

2.6 
2.5 
2.4 
2.4 
2.5 
2.4 

• 

Day. 

Dec. 

8 

14 

'36.. 
,27.. 

28.. 

29.. 

30.. 

31.. 

...'  2.1 

9-. 

• 

15 

21 

. . .   2. 15 

10 

16... 

• 

22 

1 
. . .   2.  .1 

11 

17 

23 

. . . '  2. 25 

12 

18 

24 

'  24 

13 

19 

25 

"■  n 

MALHEUR   RIVER    NEAR   ONTARIO,  OREG. 

This  station  was  established  December  8,  1903,  by  John  H.  Lewis. 
It  is  located  at  the  new  county  bridge  about  2\  miles  northwest  of 
Ontario,  Oreg.,  and  about  1\  miles  above  the  junction  of  the  Mal- 
heur with  Snake  River.  Brosnan  ditch  takes  water  from  the  river 
on  the  left  bank  3  miles  above  the  station,  and  the  Nevada  ditch, 
on  the  right  bank  12  miles  above.  Both  conduct  some  water  past 
the  station  at  certain  times.  The  gage  is  in  two  sections.  The 
lower,  graduated  to  read  direct  to  feet  and  tenths  from  2  to  10 
feet,  is  fastened  in  an  inclined  position  to  the  left  bank  just  above 
the  bridge.  The  gage  is  continued  on  a  vertical  staff  to  21  feet. 
The  gage  was  read  twice  each  day  by  Wilham  O'Brien.  Discharge 
measurements  were  made  from  the  single-span  highway  bridge. 
The  initial  point  for  soundings  is  the  left  end  of  the  upstream 
railing  of  the  bridge  over  the  pier.  Five-foot  intervals  are  marked 
on  the  railing  with  10-penny  nails.  The  channel  is  straight  for 
about  150  feet  above  and  200  feet  below  the  station  and  the  current 
is  sluggish.  Both  banks  are  low,  covered  with  brush,  and  liable  to 
overflow  during  extreme  high  water.  The  bed  of  the  stream  is 
composed  of  sand  and  gravel,  free  from  vegetation,  and  may  shift 
slightly  during  floods.  There  is  one  chaimel  at  low,  and  several 
at  high  water,  flowing  in  sloughs  which  are  measured  bj''  wading. 
Floods  in  Snake  River  occur  at  different  times  from  those  in  Mal- 
heur River,  but  the  water  surface  at  the  gage  is  said  to  have  been 
unaffected  by  back  water  during  recent  years.     Bench  mark  No.  1 
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is  the  edge  of  the  steel  band  on  the  upstream  bridge  caisson  at 
the  left  bank.  Its  elevation  is  18.00  feet  above  the  zero  of  the 
gage.  Bench  mark  No.  2  is  a  notch  cut  in  the  southeast  comer 
of  the  observer's  house.  Its  elevation  is  20.00  feet  above  the  zero  of 
the  gage.  The  bridge  was  washed  away  in  May,  1904,  and  the 
station  abandoned. 

The  observations  at  this  station  during  1904  have  been  made 
under  the  direction  of  John  T.  Whistler,  district  engineer. 

Ditcharge  measuremerUs  of  Malheur  River  near  ChUario,  Oreg.f  in  1904- 


Date. 


Hydrographer. 


February  22. 
February  22. 
February  22 
February  22 , 


J.H.Lewis 110 

do 


do. 
do. 


Width. 

Area  of 
section. 

Sq.  feet. 

Mean 
velocity. 

OaiM 
height. 

Feet. 

Feet. 

Ft.  per  8ec. 

110 

632 

5.00 

12.10 

115 

790 

5.40 

13.42 

117 

890 

5.90 

14.  35 

117 

975 

6.30 

15.08 

Dis- 
charge. 

Sec-feet. 
3,190 
4,270 
5,270 
6,210 


Mean  daily  gage  height,  in  feet,  of  Malheur  River  near  OrUario,  Oreg.yfor  1904. 


Mean 

,  daily 

Jan. 

6.30 

.    6.30 

6.30 

6.20 

'    6.70 

6.60 

:    6.90 

'    6.50 

6.50 

6.50 

6.70 

6.80 

7.80 

7.80 

7.80 

Day. 

1 

2 

3 

4 

5 

A 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

7.80 

Feb.     Mar.  '  Apr.     May. 


I 


6.00 
7.00 
6.80 
6.90 
7.28 
7.48 
6.51 
6.52 
7.55 
6.32 
7.38 
7.45 
7.50 
6.92 
7.38 
12.15 


10.60 
10.90 
10.68 
10.28 
10.25 
10.60 
13.00 
15.95 
16.75 
15.45 
13.65 
12.60 
12.10 
11.40 
11.55 
11.65 


11.90 
12.50 
12.35 
12.40 
13.20 
13.75 
13.10 
13.70 
13.10 
13.10 
13.55 
14.15 
14.55 
14.05 
15.35 
15.55 


13.70 
13.45 
13.15 
13.00 
12.85 
12.75 
12.85 
12.55 
12.50 
12.45 
12.42 
12.35 
12.18 
12.20 


Day. 


17. 
18. 
19. 
20. 
21. 

22. 

I 
,23., 

21. 

,  25. 

'  26. 

I 

1  27.. 

'  28., 

29. 

30. 

31. 


Jan. 

8.50 
8.50 
7.50 
7.20 
7.2Q 
7.20 
7.30 
.7.30 
7.00 
6.90 
6.80 
6.80 
6.70 
6.90 
6.90 


Feb.      Mar. 


16.60 

11.70 

9.60 

8.55 

8.35 

11.65 

17.40 

16.30 

17.45 

16.60 

14.30 

13.65 

11.10 


11.45 
12.15 
12.45 
13.20 
13.20 
12.05 
11.20 
10.70 
10.15 
10.10 
10.30 
10.35 
11.00 
13.50 
13.15 


Apr". 

15.35 
14.80 
14.50 
15.25 
16.45 
16.80 
15.40 
14.70 
14.50 
13.65 
13.65 
13.85 
13.20 
12.70 


May. 


BULLY  CREEK  ABOVE  VALE,  OREO. 

« 

This  station  was  established  August  10,  1903,  by  John  H.  Lewis. 
It  was  located  about  one-eighth  mile  below  the  mouth  of  Cotton- 
wood Creek  and  13  miles  from  Vale,  Oreg.  It  was  about  2  miles 
below  a  proposed  reservoir  site  on  this  creek.  The  gage  was  located 
on  the  left  bank  and  consisted  of  2  by  6  inch  timbers.  The  lower 
section  was  inclined  and  read  from  0  to  6  feet.  The  upper  section 
is  vertical  and  read  from  6  to  12  feet.    The  gage  was  about  200 
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feet  from  the  house  of  F.  O'Neill,  who  read  the  gage  twice  each  day. 
Discharge  measurements  were  made  by  means  of  a  cable  and  a  car 
about  70  feet  below  the  gage.  The  initial  point  for  soundings  was 
the  zero  on  the  tagged  wire  on  the  left  bank,  25  feet  from  the  lower 
end  of  the  turnbuckle.  The  main  channel  at  ordinary  stages  is 
straight  for  200  feet  above  the  cable.  At  flood  stages  the  right  bank 
overflows  above  the  cable,  causing  a  bend  in  the  channel  about  75 
feet  above.  The  channel  is  straight  for  800  feet  below  the  station. 
At  the  cable  the  right  bank  is  low,  will  overflow  at  extreme  flood 
stages,  and  is  covered  with  sagebrush.  The  left  bank  is  low,  but  is 
not  liable  to  overflow.  The  bed  of  the  stream  is  composed  of  gravel 
and  sand,  free  from  vegetation,  and  liable  to  shift.  There  is  but 
one  channel  at  all  stages.  Bench  mark  No.  1  is  a  projecting  stone 
on  the  top  of  the  wall  in  the  front  of  the  observer's  house  on  the 
west  side  of  the  entrance.  Its  elevation  is  16.92  feet  above  the  zero 
of  the  gage.  Bench  mark  No.  2  is  a  2  by  4  inch  timber  projecting 
from  the  northeast  comer  of  the  granary,  about  42  feet  from  the 
gage.     Its  elevation  is  12.37  feet  above  the  zero  of  the  gage. 

Owing  to  changes  in  the  channel  and  destruction  of  the  original 
gage  by  flood  the  cable  was  moved  125  feet  downstream  February 
26  and  a  new  gage  installed  February  27,  1904.  The  new  gage 
was  a  2  by  6  inch  timber  supported  in  a  horizontal  position  above 
high  water  and  projecting  over  the  water.  Readings  were  made 
by  means  of  a  graduated  rod  by  reading  down  from  the  bottom  of 
the  2  by  6  inch  timber,  which  was  at  11.30  above  zero.  This  gage 
was  at  the  same  datum  as  the  old  gage.  The  water  surface  between 
the  new  and  old  gage  was  practically  level  for  gage  height  5.50  feet, 
being  0.03  foot  lower  at  the  new  gage  than  at  the  old. 

The  station,  as  reestablished  February  27,  1904,  was  destroyed  by 
flood  and  abandoned  March  11,  1904,  a  new  channel  having  been 
formed  several  hundred  feet  from  the  gage.  On  the  latter  date  a 
new  station  was  established  on  Bully  Creek  near  its  mouth,  at  Vale, 
Oreg.  Except  for  a  few  days  when  surface  snow  is  going  off  no 
streams  enter  Bullv  Creek  between  the  new  and  the  old  station. 
Five  small  ditches  divert  water  during  the  irrigation  season. 

The  observations  at  this  station  during  1904  have  been  made 
under  the  direction  of  John  T.  Wliistler,  district  engineer. 

Discharge  measwremenl  of  BuUy  Creek  above  Vale,  Oreg.f  in  lOO^- 


Date. 

Ilydrographer. 

Width. 

Feet. 
82 

Area  of 
(wction. 

Mean 
velocity.  - 

Gage 
height. 

Difl- 
chaiige. 

February  27 

J.  11.  Lewis 

8q.  feet, 
152 

Ft.  per  tec. 
3.60 

Feel. 
5.50 

Sec-feel. 
560 

AND  NOBLE. 


]        COLUMBIA  BIVEB  DRAINAGE   BASIN. 
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Mean  daUy  gaffe  height,  infect,  of  Bully  Cretk  above  VaU,  Oreg.yfor  lOOJ^, 


Day. 

Jan. 

2.60 
2.60 
2.60 
2.00 
2.60 
2.60 
2.60 
2.00 
2.60 
2.00 
2.00 

Feb. 

Mar. 

1 

2 

3 

4 

5 

2.47 
2.42 
2.45 
2.60 
2.00 

5.00 
5.35 
5.00 
5.24 
4.70 

6 

2.54 
2.50 
2.50 
2.50 
2.50 
2.55 

5.40 

7 

7.80 

8 

7.70 

9 

5.20 

10 

5.20 

11 

Day. 


12. 
13. 
14. 

15. 
10. 
17. 
18. 
19. 
20. 
21. 


Jan. 


2.00 
2.60 
2.00 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 


Feb.   Mar. 


2.61 

2.60 

2.54 

2.71 

6.00 

3.00  ■ 

2.75  ' 

2.55 

2.50 

2.50 


I  22 

23 

24 

25 

20 

27 

;  28 

'  20 

30 

>  31 


Jan.    Feb.   Mar. 


2.00 
2.60 
2.00 
2.00 
2.60 
2.57 
2.50 
2.52 
2.51 
2.50 


7.25 
6.75 
8.50 
7.44 
6.20 
5.02 
5.00 
5. 10 


BULLY  CREEK  AT  VALE,  OREO. 

This  station  was  established  April  8,  1904,  by  John  H.  Lewis. 
It  is  located  at  the  county  highway  bridge  across  Bully  Creek  just 
above  its  junction  with  Malheur  River  at  Vale,  Oreg.  The  station  is 
13  miles  below  the  former  station  on  this  creek,  which  was  destroyed 
by  flood  and  discontinued  March  11,  1904.  The  original  gage  con- 
sisted of  a  rod  graduated  to  feet  and  tenths,  by  means  of  which 
the  distance  of  the  water  surface  below  the  top  of  a  projecting  floor 
beam  on  the  east  side  of  the  bridge  was  measured.  A  standard 
chain  gage  was  attached  to  the  bridge  October  29,  1904.  The  length 
of  the  chain  from  the  end  of  the  weight  to  the  marker  is  17.22  feet. 
Discharge  measurements  are  made  from  the  downstream  side  of 
the  single-span  bridge.  The  initial  point  for  soundings  is  the  south 
end  of  the  east  bridge  railing.  Five-foot  intervals  are  marked  along 
the  bridge  with  black  paint.  The  channel  is  straight  for  about  50 
feet  above  and  300  feet  below  the  station  and  the  current  is  swift. 
Both  banks  are  high,  clear,  and  not  subject  to  overflow.  The  bed 
of  the  stream  is  composed  of  clay  and  sand  and  is  shifting.  There 
is  but  one  channel  at  all  stages.  Bench  mark  No.  1  is  the  top  sur- 
face of  the  north  projecting  floor  beam  on  the  east  side  of  the  bridge. 
Its  elevation  is  15.36  feet  above  the  datum  of  the  gage.  Bench  mark 
No.  2  is  on  the  north  end  of  stone  doorsill  at  the  north  door  on  the 
west  side  of  old  flour  ^  mill  about  390  feet  southeast  of  the  bridge. 
Its  elevation  is  18.80  feet  above  the  datum  of  the  gage.  Except  for 
a  few  days  when  surface  snow  is  going  off  no  streams  enter  Bully 
Creek  between  this  and  the  old  station.  Five  small  ditches  divert 
water  during  the  irrigation  season.  The  station  is  affected  by  back 
water  and  will  not  be  maintained  longer  than  necessary  to  make  a 
comparison  between  the  results  obtained  at  this  station  and  the 
former  station  13  miles  upstream. 

The  observations  at  this  station  during  1904  have  been  made 
under  the  direction  of  John  T.  Whistler,  district  engineer. 
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Discharge  measurements  ofBvUy  Creek  at  Vale,  Oreg,,  in  190 J^ 


Date. 


Hydrographer. 


Width. 


February  24 

Aprils 1 

April  11 

April  12 '... 

April  14 !  H.  D.  Newell 

April  16 ' do 

April  25 ,  J.  M.  Griffin 

May  7 j do. 

May  9 '  Murphy  and  Sawyer 

June  16« '  W.  C.  Sawyer 

August  26 :  Smith  and  Sawyer. . 

September  24  « . .   E.N.  Smith 


Area  of 
section. 


50 
50 
45 
40 
43 
14 
15 
9 


Sq.  feet. 

268 

181 

265 

254 

285 

269 

172 

81 

79 

14 

5 

5 


Mean 
velocity. 


Ft.  per  sec. 
4.20 
5.35 
5.44 

4.90 
3.90 
4.06 
2.60 
2.30 
1.60 
.75 
.63 


Gase 
height. 


Dis- 
cbarge. 


Feet.     I 

7.09  ! 

7.00  ' 

8.40 

I 
7.50 

8.00  ' 

7.75  ' 
6.90  \ 

5.76  i 
5.50 
4.10 
3.78 
3.75 


Sfc.-feei. 

i,r20 

9Q8 

1,442 

1,416 

1,390 

1,050 

698 

210 

180 

22 

4 

3 


a  Measurement  made  at  different  section. 
Mean  daily  gage  height  j  in  feet,  of  Bully  Creek  at  Vale,  Oreg.,  for  1904- 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1              

6.60 
6.40 
6.40 
6.20 
6.30 
5.90 
5.70 
5.60 
5.50 
5.40 

4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 

4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
5.00 
4.40 
4.30 

3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.80 
3.80 
3.80 

3.70 
3.70 
3.70 
.  3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 

3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.75 
3.75 
3.75 
3.75 

3.75 
3.75 
3.75 
3.75 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 

3.65 

2 

3.50 

3    .               

3.45 

4 

3.20 

5 

3.30 

6 

3.20 

7 

3.45 

8 

7.00 
7.02 
7.05 

3.70 

9 

3.60 

10 : 

3.70 

11 

7.50 

5.30 

4.10 

4.20 

3.80 

3.70 

3.75 

3.65 

3.70 

12 

8.00 

5.10 

4.10 

4.30 

3.80 

3.70 

3.75 

3.65 

3.70 

i:\                              .  . 

8.01 
8.02 

5.00 
5.00 

4.10 
4.10 

4.30 
4.30 

3.80 
3.80 

3.70 
3.70 

3.75 
3.75 

3.65 
3.65 

3.W 

14 

3.M) 

15 

8.04 

5.00 

4.10 

4.20 

3.80 

3.70 

3.76 

3.65 

4.40 

16 

8.00 
7.08 

5.00 
5.00 

4.10 
4.10 

4.20 
4.20 

3.80 
3.80 

3.70 
3.70 

3.75 
3.75 

3.65 
3.65 

3.70 

17 

3.60 

18 

7.04 

5.00 

4.10 

4.20 

3.80 

3.70 

3.75 

3.65 

4.30 

19 

7.20 
7.80 

4.90 
4.70 

4.10 
4.10 

4.10 
4.10 

3.80 
3.80 

3.70 
3.70 

3.80 
3.80 

3.65 
3.65 

3.eo 

20 

3.70 

21 

7.85 

4.50 

4.10 

4.10 

3.80' 

3.70 

3.80 

3.65 

3.W 

22 

7.90 

4.40 

4.10 

4.10 

3.70 

3.70 

3.80 

3.65 

3.70 

23 

8.00 

4.30 

4.10 

4.10 

3.70 

3.70 

3.80 

3.65 

3.  HO 

24 

7.50 

4.20 

4.10 

4.00 

3.70 

3.70 

3.70 

3.65 

3.70 

25 

7.20 

4.10 

4.10 

4.00 

3.70 

3.70 

3.65 

3.80 

26 

7.00 

4.10 

4.10 

4.00 

3.70 

3.70 

3.65 

3.80 

27 

6.80 

4.10 

4.10 

4.00 

3.70 

3.70 

3.65 

3-70 

2H 

6.80 
6.70 

4.10 
4.10 

4.10 
4.10 

4.00 
4.00 

3.70 
3.70 

3.70 
3.70 

3.70 

3.65 
3.65 

3-70 

29 

3.00 

30 

6.60 

4.10 

4.10 

3.90 

3.70 

3.70 

3.70 

3.65 

3.60 

31 

4.10 

3.90 

3.70 



3.76 

3.  TO 

R08S,  WHISTLER 
AND  NOBLE 
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Estimated  monthly  discharge  ofBuUy  Creek  at  Valet  Oreg.^for  1904. 


Dtachargp  ia  tiecond-feet. 


Month. 


Maximum. 


January  ". . 
February  «. 

March  « 

April « 

May 

June 

July 

August 

September. 

October 

November. 
December. . 


547 
22 
112 
10.5 
2.1 
5.6 
3.3 
44 


Minimum. 


Mean. 


22 

22 

10.5 
2.1 
2.1 
2.1 
1.2 
.0 


The  year. 


12.5 
327 
725 
1,018 
150 
22.0 
26.5 
5.58 
2.10 
3.17 
1.66 
4.34 

192 


Total  in 
acre-feet. 


769 

18, 810 

44,580 

60,580 

9,777 

1,309 

1,629 

343 

125 

195 

99 

267 

138,500 


a  From  March  11  to  April  7,  inclusive,  the  discharge  was  estimated. 
Note.— Owing  to  the  shifting  character  of  the  bed  the  above  estimates  are  only  approximate. 

WILLOW   CREEK   NEAR   MALHEUR,  OREO. 

This  station  was  established  November  4,  1904,  by  W.  C.  Sawyer. 
It  is  located  at  Beer's  ranch,  about  5  miles  from  Malheur  on  the  road 
to  Huntington,  Oreg.  A  plain  staff  gage,  graduated  to  feet  and 
tenths,  is  attached  to  an  immense  bowlder  at  the  mouth  of  the  can- 
yon, about  one-half  mile  below  the  cable.  The  gage  is  read  once  each 
day  by  S.  P.  Colt.  Discharge  measurements  are  made  by  means  of  a 
cable  and  car.  The  initial  point  for  soundings  is  the  eyebolt  to 
which  the  cable  is  attached  at  the  left  bank.  The  channel  is 
straight  for  100  feet  above  and  below  the  station  and  the  current 
swift.  Both  banks  are  high,  clean,  and  do  not  overflow.  The  bed 
of  the  stream  is  composed  of  rock  and  gravel,  free  from  vegetation, 
and  is  permanent.  There  is  but  one  channel  at  all  stages.  Bench 
mark  No.  1  is  a  square  chisel  draft,  marked  with  the  letters  ''B.  M.^' 
in  black  paint,  on  the  top  of  the  bowlder  to  which  the  gage  is  fast- 
ened, 5.4  feet  upstream  from  the  gage.  Its  elevation  is  5.74  feet 
above  the  zero  of  the  gage.  Bench  mark  No.  2  is  a  square  chisel 
draft  on  top  of  a  rock  14  feet  upstream  from  the  cable  at  a  point 
21  feet  from  the  anchorage  of  the  right  end  of  the  cable.  Its  ele- 
vation is  assumed  at  100.00  feet  for  reference  lor  cross  section  at 
cable. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  John  T.  Whistler,  district  engineer. 
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Discharge  measwremeiU  of  Willow  Greek  near  McHheuTf  Oreg.,  in  1904- 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

« 

Mean 
velocity. 

Gage 
height. 

DU- 
charge. 

September  20 . . . 

w. 

C.  Saw5 

rer 

Feet. 
6.5 

Sq.feet.    Ft.persec. 
3.9  1         1.11 

Feet. 
0.7 

Sec-feet. 
4.3 

1 

Mean  daily  gage 

height  f  in  feet  ^  of  Willow  Creek  near  Malheur  ^  Oreg.,  for  1904. 

Day. 

Nov. 

Dec. 

Day. 

Nov. 

1 

Dec. 

1 

Day. 

Nov.  1    Dec. 

1              ' 

1 

0.85 
.75 
.85 

11 

1 

;  21 

0.85 

OlS 

2 

12 

1 

22 

.85             .8 

3 

13 

23 

.85 
.85 

4 

14 

*!"!!!!!"!"'.  ^  "'"'"' - 

6 

.95 
.95 
.95 
.9 

.8 
.8 

15 

25 

.8    " 

6 

. 

18 

1 
0.8 

26 

.85   

7 

17 

.8 
.8 
.8 

1 

1  27 

.85   

8 

18 

28 

.85   

9 

19 

.«^. ........ 

29 

.85   

10 

20 - 

0.85 

R 

30 

.85   

1 

1 

1 

WILLOW  CREEK  NEAR  DELL,  OREO. 

This  station  was  established  May  12,  1904,  by  H.  D.  Newell.  It 
is  located  at  a  bridge  at  Cole's  ranch  near  Dell,  Oreg.,  28  miles 
above  Vale.  A  plain  staff  gage  Was  attached  to  a  pole  which  was 
driven  into  the  sand  and  spiked  to  the  bridge.  On  November  1, 
1904,  a  standard  chain  gage  was  attached,  at  the  same  datum,  to 
the  downstream  side  of  the  bridge.  The  length  of  the  chain  from 
the  end  of  the  weight  to  the  marker  is  18.06  feet.  The  gage  is  read 
once  each  day  by  Emory  Cole.  Discharge  measurements  are  made 
from  the  downstream  side  of  the  wooden  highway  bridge  to  which 
the  gage  is  attached.  The  bridge  has  a  single  span  of  about  137 
feet  and  trestle  approach  at  each  end.  The  initial  point  for  sound- 
ings is  the  left  end  of  the  downstream  hand  rail.  The  channel  is 
slightly  curved  for  about  200  feet  above  and  straight  for  200  feet 
below  the  station,  somewhat  obstructed  by  willows.  The  current  is 
moderate.  Both  banks  are  low,  but  all  the  water  passes  between 
the  abutments  of  the  bridge.  The  bed  of  the  stream  is  composed  of 
mud  and  is  slightly  shifting.  There  is  but  one  channel  at  all  stages, 
broken  by  the  bridge  bents.  Bench  mark  No.  1  is  a  group  of  three 
spikes  driven  into  a  post  at  the  corner  of  the  fence  about  40  feet 
east  of  the  initial  point.  Its  elevation  is  14.92  feet  above  the  zero  of 
the  gage.  Bench  mark  No.  2  is  a  cross  painted  on  the  top  of  stone 
of  east  abutment  6.5  feet  from  the  initial  point  and  marked  "B.  M." 
Its  elevation  is  14.79  feet  abpve  the  zero  of  the  gage.  Bench  mark 
No.  3  is  the  top  of  a  bolt  at  the  foot  of  the  inclined  end  post  of  the 
south  truss  of  the  bridge,  20  feet  from  the  initial  point  for  sound- 
ings.    Its  elevation  is  14.97  feet  above  the  zero  of  the  gage. 


^^D^SS:^'1       COLUMBIA  filVfiB  DttAlKAGB  BAStK. 
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The  observations  at  this  station  during  1904  have  been  made 
under  the  direction  of  John  T.  Whistler,  district  engineer. 

DMutrge  metuvrements  of  WiUow  Creek  near  DeU,  Oreg.,  in  lOOJ^. 


Date. 


April  14. 
April  15. 

April  23 

May  12 

June  20 

Julys* 

September  3  ^ 
November  1    . 


H.  D.  Newell. 
do. 

J.  M.  Griffin 

do 

Sawyer  and  Torkelson 

M.  W.  Torkelson 

E.  N.Smith 


Feel. 
80 
57 
53 
52 
35 
14 
4 


W.C.Sawyer 14 


AreAof  I     Mean 
suction.  :  velocity. 


8q.  feet. 

340 

328 

175 

84 

15 

3 

1.5 
8.3 


Ft.  per  tec. 
2.80 
2.70 
2.32 
2.23 
1.20 
1.30 

1.34 


Qace 
height. 


Feet. 
7.06 
6.86 
5.46 
4.21 
2.52 
2.29 
2.00 
2.26 


Dis- 
charge. 


8ec.-feet. 
940 

880 

412 

187 

18 

4 

1.5 
11 


a  Floats. 


ft  Wading. 


Mean  daUy  gage  height,  in  feet ,  of  Willow  Creek  near  DeU,  Oreg.,  far  190J^. 


Day. 

Apr. 

May. 

1 

5.06 

2 

5.06 

3 

4.89 

4 

4.73 

5 

4.48 

6 

4.40 

7 

4.27  i 

8 

4.23  1 

9 

4.23 

10 

4.14 

11 

12 

4.21 
4.20 

13 

14 

7.06 
6.86 

4.22 

15 

4.19 
4.00 
4.00 

16 

17 ' 

18 ' 

3.97 

19 1 

3.95 
3.92 
3.85 

20 

1 
21 

22 

3.80 

23. 
24. 
25. 
26. 
27. 
28. 
29. 
». 
31. 


5.46 


4.81 
A.T6 
4.a6 
5.06 
4.96 


3.80 
3.75 
3.62 
3.54 
3.50 
3.48 
3.40 
3.35 
3.90 


June. 

3.30 
3.30 
3.28 
3.23 
3.20 
3.10 
3.05 
2.07 
2.95 
2.97 
2.90 
2.90 
2.95 
2.80 
2.70 
2.67 
2.49 
2.48 
2.47 
2.48 
2.48 
2.48 
2.50 
2.50 
2.50 
2.51 
2.51 
2.51 
2.50 
2.50 


2.55 
2.60 
2.67 
2.65 
2.30 
2.60 
2.30 
2.35 
2.40 
2.30 
2.35 
2.35 
2.35 
2.35 
2.30 
2.15 
2.15 
2.10 
2.05 
2.05 
2.00 
2.00 
2.00 
1.97 
1.90 
1.90 
1.90 
1.95 
1.92 
1.90 
1.90 


1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.00 


Sept.  '    Oct.    I   Nov. 


1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.15 
2.15 


2.15 
2.10 
2.15 
2.15 
2.20 
2.20 
2.25 
2.25 
2.30 
2.30 
2.35 
2.30 
2.40 
2.30 
2.40 
2.40 
2.40 
2.40 
2.40 
2.45 
2.45 
2.45 
2.45 
2.45 
2.45 
2.45 
2.45 
2.45 
2.45 
2.40 
2.40 


2.40 
2.45 
2.45 
2.45 
2.45 
2.42 
2.40 
2.40 
2.40 
2.35 
2.35 
2.35 
2.35 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 


2.30 

2.35 

2.35 

2.30 

2.30 

2.30 

2.30 

2.30 

Dec. 


2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.35 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.35 
2.35 
2.35 
2.40 
2.40 
2.40 
2.40 
2.40 
2.45 
2.45 
2.45 
2.50 
2.50 
2.60 
2.65 
2.70 
2.75 
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Rating  table  for  Willow  Creek  near  DeU,  Oreg.,from  AprU  1  to  December  31, 1904. 


Gage 
height. 

Discharge. 

Gaxe 
height. 

1 
Dischai'ge. 

Second-feet.  ' 

Gage 
height. 

Feet. 

Discharge. 

1 

1      Gaoe 
height. 

1 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1     Feet. 

Seamd-ftet. 

1.90 

0.5 

3.20 

59 

4.50 

226 

1     6.60 

T7% 

2.00 

1.5 

3.30 

68 

1     4.60 

244 

6.80 

852     , 

2.10 

3 

3.40 

78     1 

4.70 

262 

7.00 

930     , 

2.20 

5 

3.50 

88   . 

1     4.80 

280 

7.20 

1, 010     , 

2.30 

7        ' 

3.60 

98 

4.90 

300 

7.40 

1,090    , 

2.40 

11        ' 

3.70 

110 

5.00 

320 

7.60 

1,170    , 

2.50 

15 

3.80 

122 

5.20 

362 

7.80 

1,250    ! 

2.60 

20 

3.90 

134 

5.40 

408 

8.00  . 

1,330    , 

2.70 

26 

4.00 

148 

1     5.60 

456 

8.50 

1,530  ; 

2.80 

32 

4.10 

162 

5.80 

511 

9.00 

1,730     , 

2.90 

38 

4.20 

177 

'    6.00 

570 

9.50 

1,930 

3.00 

44 

4.30 

193 

1    6.20 

636 

10.00 

2,130 

3.10 

51 

4.40 

209     ! 

1 

6.40 

704 

1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  8  dis- 
charge measurements  made  during  1904.  It  is  well  defined  between  gage  heights  2.00  feet 
and  7.10  feet.  The  table  has  been  extended  beyond  these  limits.  Above  gage  height 
6.90  feet  the  rating  curve  is  a  tangent,  the  difference  being  40  per  tenth. 

Estimated  monthly  discharge  of  WiUow  Creek  near  Dell,  Oreg.^for  190 J^, 


Month. 


Discharge  in  second-feet. 


Maximum.  ,  Minimum. 


•January  ^ . 
February  ° 
March  ^... 
April**.... 

May 

June 


July 

August 

September. 
October. . . 
November. 
December. 


332 
68 
24 

4 
13 
13 
29 


68 
14 


.5 


The  year. 


.5 
.5 
.5 


3 
7 

7 


Mean. 

10.0 
221 
783 
624 
163 
31.7 
6.87 
.50 
1.95 
9.42 

8.90 ; 

12.2 
156 


Total  in 
acre-feet. 


615 

12,  710 

48.140 

37,  130 

10,020 

1,886 

422 

31 

116 

579 

530 

750 

1 12, 900 


o  Estimated. 


^^'^'iTnml"'*']      ooltjmbia  river  drainage  basin.  219 

WEISER  RIVER   NEAR   WEISER,  IDAHO. 

The  drainage  basin  of  this  river  is  mountainous  and  rocky,  in  con- 
trast to  the  well-wooded  areas  of  the  Boise  and  Payette  basins,  and 
the  eflFect  is  shown  in  the  high  flood  discharges  and  low  summer  flow. 
A  number  of  small  ditches  utilize  considerable  water  from  this  river, 
but  the  principal  canal  is  the  Galloway  canal,  which  irrigates  lands 
of  the  Weiser  irrigation  district  north  of  Weiser.  Above  this  canal 
is  a  bench  country  susceptible  of  cultivation  if  water  could  be  brought 
to  it. 

The  station  was  established  December  6,  1894,  by  A.  P.  Davis.  It 
is  located  on  J.  W.  Lane's  ranch  in  the  canyon  of  the  river  about  10 
miles  above  Weiser,  Idaho.  The  gage  rod,  which  was  installed  in 
1898,  was  covered  during  the  process  of  grading  for  the  roadbed  of 
the  Pacific  and  Idaho  Northern  Railroad,  a  line  intended  to  run  from 
Weiser  to  the  mining  country  in  the  mountainous  district  to  the 
north.  The  present  gage  was  installed  October  31,  1899,  at  a  point 
100  feet  above  the  old  gage  on  the  right  bank.  It  is  a  4  by  4  inch 
inclined  timber,  12  feet  long,  bolted  to  the  rock  bluff.  One  foot 
measured  vertically  equals  1.15  feet  measured  along  the  gage.  The 
gage  is  read  once  each  day  by  Mrs.  Annie  T.  Lane.  Discharge  meas- 
urements are  made  from  a  cable  and  car  about  300  feet  downstream 
from  the  gage.  The  initial  point  for  soundings  is  10  feet  from  the 
cable  support  on  the  right  bank.  The  channel  is  straight  for  300 
feet  above  and  below  the  station.  The  current  is  sluggish.  The 
right  bank  is  high  and  rocky  and  is  not  liable  to  overflow.  The  left 
bank  is  low  and  will  overflow  for  100  feet.  Both  banks  are  without 
trees,  but  brush  grows  on  that  part  of  the  left  bank  liable  to  over- 
flow. There  is  but  one  channel  at  all  stages.  The  bed  of  the  stream 
is  composed  of  gravel,  free  from  vegetation,  and  not  liable  to  change. 
Bench  mark  No.  1  is  the  highest  point  of  a  rock  40  feet  southwest 
of  the  south  anchorage  of  the  cable.  Its  elevation  is  19.54  feet 
above  the  zero  of  the  gage.  Bench  mark  No.  2  is  the  highest  point 
of  a  rock  60  feet  southwest  of  the  cable  anchorage  on  the  right 
bank.  Its  elevation  is  25.16  feet  above  the  zero  of  the  gage.  This 
station  was  discontinued  December  31,  1904. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  D.  W.  Ross,  district  engineer. 
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Mean  daUy  gage  heiglU,  in  feet,  of  Weiger  River  near  Weiser,  Idaho,  for  1904. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

« 

10 

U 

{2 

13 

14 

[5 

16 

17 

18 

19 

20 

21 

22 

23.... 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 


1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.0 
1.0 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.3 
1.4 
1.6 
1.6 
1.7 
1.8 
2.0 
2.0 
2.2 
2.2 
2.2 
2.2 
2.2 
2.1 
2.1 


Feb. 


2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.5 

6.65 

5.45 

5.2 

4.0 

4.0 

4.0 

4.4 

5.8 

6.7 

7.3 

6.4 

5.4 

4.9 


Mar. 


Apr. 


4.8 
6.25 
6.15 
4.4 
4.0 
5.1 
8.0 
10.5 
9.9 
7.95 
8.9 
7.0 
5.8 
5.6 
6.5 
5.7 
7.0 
6.45 
9.0 
8.4 
6.0 
5.6 
5.0 
4.5 
4.4 
4.4 
4.0 
4.35 
7.2 
7.5 
6.0 


5.5 

5.4 

5.4 

5.8 

5.5 

5.5 

5.5 

5.0 

5.0 

5.25 

6.1 

6.55 

7.0 

7.35 

7.65 

7.8 

7.5 

6.8 

6.7 

6.85 

7.0 

6.1 

5.5 

5.0 

4.7 

4.7 

5.15 

5.65 

5.3 

5.0 


May. 

June. 

4.7 

4.4 

4.6 

4.4 

6.0 

4.4 

4.9 

4.4 

4.7 

4.3 

4.7 

4.3 

4.7 

4.0 

4.7 

4.0 

4.8 

4.0 

4.6 

4.0 

4.6 

3.8 

4.6 

3.5 

4.6 

3.3 

4.6 

3.3 

4.7 

3.3 

4.7 

3.4 

4.7 

3.6 

4.7 

3.6 

4.7 

3.5 

4.9 

3.2 

6.05 

3.2 

6.5 

3.0 

5.6 

3.0 

5.5 

2.9 

5.4 

2.7 

4.9 

2.5 

4.5 

2.5 

4.5 

2.4 

4.4 

2.4 

4.4 

2.3 

4.4 

July. 

2.2 
2.3 
2.2 
2.2 
2.1 
2.0 
1.9 
1.9 
1.9 
1.8 
1.7 
1.7 
1.7 
1.6 
1.6 
1.5 
1.5 
1.4 
1.3 
1.2 
1.2 
1.1 
1.0 
1.0 
1.0 
.9 
.8 
.8 
.7 
.7 
.7 


Aug. 


0.7 
.6 
.6 
.6 
.6 
.7 
.7 
.6 
.5 
.6 
.5 
.6 
.4 
.6 
.6 
.6 
.5 
.6 


Sept. 


.3 
.5 
.6 
.8 
.6 


0.5 
.5 
.6 
.6 
.5 
.5 
.6 
.4 
.4 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 


Oct. 


0.4 
.6 
.6 
.6 
.5 
.6 
.4 
.6 
.8 
.8 
.9 
.9 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 


Nov.  ,  Dec. 


0.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 

.7  i 

.7 
.7 
.7 
.7 
.7 
.  i 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 


,7 


0.6 
.6 
.6 
.6 
.6 
.fi 
.« 
.6 
.6 
-6 
.6 
.6 
.6 
.6 
.6 
.6 
.7 

.7 
.7 

.  4 

.7 
.7 

.8 
.8 
.8 
.8 
.8 
.8 
.8 


Hating  table  for  Weiser  River  near  Weiser,  Idaho,  from  January  1, 1902,  to  December  31, 190^. 


Feet. 
0.2 

.4 
.6 
.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 


DiMharge.  |l   ^^^^       Discharge.       ^^{^^       Discharge 


Second'/eet. 
39 
71 
105 
150 
215 
290 
375 
470 
585 
720 


Fed. 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 


Second-feet. 
875 
1,050 
1,235 
1,425 
1,625 
1,840 
2,075 
2,325 
2,585 
2,855 


Feet. 

Second-feet. 

4.2 

3,125 

4.4 

3,395 

4.6 

3,665 

4.8 

3,935 

5.0 

4,205 

5.2 

4,475 

5.4 

4,745 

5.6 

5,015 

5.8 

5,285 

6.0 

5,555 

Oaae 
leight. 


heigl 


Feet. 
6.2 
6.4 
6.6 
6.8 
7.0 
7.5 
8.0 
8.5 
9.0 
9.5 


Discharge. 


Second-feet. 
5,825 
6,095 
6,365 
6,635 
6,900 
7,575 
8,250 
8,925 
9,600 
10,275 


The  above  table  is  applicable  for  open-channel  conditions  only.    It  is  based  upon  dis- 
charge measurement  made  during  19(X2  and  1903,  and  is  fairly  well  defined. 
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EstimaUd  monthly  discharge  of  Weiser  River  near  Weiaer,  Idaho,  for  190^, 

[Drainage  area,  1,670  square  mil«B.] 


Month. 


January. . . 
February . . 

March 

April 

May 

June 

July 

August 

September. 
October. . . 
November. 
December. 


Discharge  in  seoond-feet. 


Maximum. 


875 

7,305 

11,620 

7,980 

4,880 

3,395 

962 

150 

88 

182 

127 

150 


The  year 11,620 


Minimum. 


215 

798 

2,855 

3,800 

3,395 

962 

127 

55 

55 

71 

127 

105 


Mean. 


473 
2,532 
6,004 
5,467 
3,911 
2,204 

453 
91.6 
63.8 

132 

127 

121 


55  '  1, 798 


Total  In 
acre-feet. 


29,080 

145,600 

369,200 

325,300 

240,500 

131, 100 

27,850 

5,632 

3,796 

8,116 

7,557 

7,440 


1, 301, 000 


Run-off. 


Second-feet 

per  square 

mile. 


0.283 
1.52 
3.60 
3.27 
2.34 
1.32 
.271 
.055 
.038 
.079 
.076 
.072 


1.08 


Depth  in 
inches. 


0.326 
1.64 
4.15 
3.65 
2.70 
1.47 
.312 
.063 
.042 
.091 
.085 
.083 


14.61 


POWDER   RIVER   NEAR   BAKER   CITY,  OREO. 

This  station  was  established  December  20,  1903,  by  John  K.  Lewis. 
It  is  located  10  miles  above  Baker  City,  Oreg.,  and  one-fourth  mile 
below  Salisbury,  a  station  on  the  Sumpter  Valley  Railroad.  A  plain 
staff  gage,  graduated  to  feet  and  tenths,  is  nailed  in  a  vertical  posi- 
tion to  a  tree  on  the  left  bank,  about  400  feet  below  the  house  of 
R.  M.  Garrett,  who  reads  the  gage  twice  each  day.  Discharge 
measurements  are  made  from  a  wagon  bridge  having  a  single  span 
of  about  50  feet.  The  initial  point  for  soundings  is  at  the  left  end 
of  the  bridge.  Five-foot  intervals  are  marked  on  the  bridge  by 
means  of  20-penny  nails.  The  channel  is  straight  for  about  75  feet 
above  and  100  feet  below  the  station,  and  the  current  is  swift.  Both 
banks  are  lowj  timbered,  and  Uable  to  overflow.  The  bed  of  the 
stream  is  composed  of  gravel,  free  from  vegetation,  and  is  perma- 
nent. There  is  but  one  channel  at  all  stages.  The  bench  mark  is 
a  group  of  three  30-penny  nails  driven  into  a  large  oottonwood  tree 
which  stands  on  the  left  bank  of  the  stream  35  feet  below  the  gage 
and  6  feet  above  the  end  of  the  bridge.  Its  elevation  is  8.00  feet 
above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  John  T.  Whistler,  district  engineer. 
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Discharge  TMoauremeiUs  of  Powder  Rwer  near  Baker  City,  Oreg.,  in  190^, 


Date. 


March  16 

May  7 

May  11 

July  2 

September  22  '* 
December  6  * . . 


Ilydrographer. 


Width. 


Area  of 
section. 


Feet. 

J.  H.  Lewis 39 

W.C.Sawyer |  40 

Murphy  and  Sawyer 40 

W.C.Sawyer 38 

do 

do 


16 
9 


Sq.feet. 

53 

110 

118 

50 

8.4 

10 


Mean 
velocity. 


Qai 


uaee 
heignt. 


Dis- 
charfse. 


Ft.  per  sec. 
3.10 
5.20 
5.60 
2.69 
.94 
1.84 


Feet. 
2.95 
4.30 
4.56 
2.92 
1.74 
2.15 


Sec-feet. 
162 
572 
660 
133 
7.9 
18.4 


a  Wading. 


b  Channel  partly  froEen. 


Mean  daUy  gage  height  ^  in  feet  ^  of  Powder  River  near  BaJcer  Cityf  Oreg.^  for  190^. 


Day. 

Jan. 

Feb. 

Mar.  ! 

Apr. 

3.15 
3.20 
3.35 
3.60 
3.45 
4.35 
4.35 
4.80 
5.30 
5.40 
6.15 
6.90 
6.45 
7.30 
7.10 
6.35 
5.85 
5.70 
5.65 
6.20 
5.40 
4.30 
4.85 
4.55 
4.35 
4.57 
4.70 
5.10 
5.55 
4.90 

May. 

4.45 
4.55 
4.45 
4.60 
4.55 
4.45 
4.40 
4.45 
4.35 
4.45 
4.55 
4.55 
4.60 
4.50 
4.50 
4.60 
4.65 
4.70 
4.45 
4.45 
4.70 
5.15 
5.40 
4.55 
4.65 
4.55 
4.45 
4.50 
4.50 
4.50 
4.50 

June. 

July. 

Aug. 

Sept. 

2.15 
2.05 
2.05 
2.00 
2.00 
1.05 
1.95 
1.95 
1.90 
1.90 
1.90 
1.85 
1.90 
1.85 
1.85 
1.70 
1.70 
1.65 
1.45 
1.30 
1.85 
1.80 
1.90 
2.00 
2.00 
2.10 
2.05 
2.00 
2.00 
1.95 

Oct. 

Nov.  ! 

1 

2.15 

2.15 

2.15 

2.10 

2.15 

2.10  ' 

2.10  ' 

2.05  1 

2.00  1 

2.00 

2.05  \ 

2.05 

2.00 

2.00  1 

2.00 

2.05 

2.00 

2.00 

2.05 

2.05 

2.05 

2.10 

2.10 

2.10 

2.15 

2.15 

2.10 

2.10 

2.10 

2.10 

Dec. 

1 

2.24 
2.24 
2.24 
2.24 
2.24 
2.24 
2.24 
2.*24 
2.24 
2.24 
2.24 
2.24 
2.24 
2.24 
2.24 
2.24 
2.24 
2.24 
2.24 
2.24 
2.24 
2.24 
2.24 
2.40 
2.34 
2.36 
2.40 
2.39 
2.35 
2.42 
2.42 

2.40 
2.45 
2.44 
2.45 
2.42 
2.45 
2.48 
2.40 
2.52 
2.62 
2.58 
2.68 
2.78 
2.65 
2.75 
3.00 
2.92 
3.00 
2.95 
3.10 
3.15 
3.50 
3.15 
3.35 
3.20 
3.17 
3.25 
2.95 
2.95 

2.75 
2.70 
2.80 
2.40 
2.48 
2.75 
3.40 
3.20 
2.95 
3.05 
3.00 
2.90 
2.85 
4.20 
3.05 
2.90 
3.20 
2.90 
2.70 
3.10 
2.8,5 
2.80 
3.40 
2.85 
2.75 
2.70 
2.50 
2.60 
3.00 
2.95 
2.95 

4.45 

4.30 

4.40 

4.35 

4.30 

4.50 

4.50 

4.25 

4.35 

4.10 

3.95 

3.75 

3.80 

3.80 

3.85 

3.95 

3.90 

3.80 

3.80" 

3.65 

3.50 

3.40 

3.25 

3.25 

3.10 

3.05 

3.05 

2.90 

2.80 

2.95 

2.95 
2.95 
2.90 
2.80 
2.90 
2.75 
285 
2.85 
2.90 
2.75 
2.70 
2.65 
2.60 
2.60 
2.55 
2.50 
2.46 
2.50 
2.40 
2.35 
2.40 
2.35 
2.30 
2.35 
2.30 
2.30 
2.35 
2.25 
2.25 
2.30 
2.25 

2.25 
2.20 
2.20 
2.20 
2.15 
2.10 
2.15 
2.15 
2.15 
2.10 
2.05 
2.10 
2.10 
2.05 
2.05 
2.00 
1.85 
1.85 
1.7Q 
1.75 
1.75 
1.75 
2.15 
2.05 
2.10 
2.15 
2.15 
2.20 
2.20 
2.20 
2.30 

1.80  1 
1.75 
1.80  ' 
1.85 
1.85 
1.80 
1.85 
1.75  1 
1.80  1 

1.90 

1 
2.15 

2.25 

2.20 

2.15  , 

2.15 

2.15 

2.15 

2.25 

2.35 

2.30 

2.25 

2.30 

2.15 

2.15 

2.15 

2.15 

2.20 

2.20 

2.10 

2.15 

2.15 

2.10 

2 

2.05 

3 

2. 00 

4 

1.95 

5 

1.90 

f) 

2.15 

7 

2.20 

8 

2.15 

9 

2.20 

10 

2.15 

11 

1.95 

12 

1.95 

13 

2.00 

14 

2- as 

15 

2-15 

16 

2.05 

17 

18 

19 

20 

21 

2.05 
2.15 
2.15 
2.10 
2.10 

22 

2.10 

23 

2.10 

24 

2.15 

25 

2.05 

26 

1-95 

27 

2.00 

28 

2.00 

29 

2.00 

30 

2.05 

31 

2.15 

4 
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Rating  table  for  Powder  River  near  Baker  City^  Oreg.jfrom  January  1  to  December  Sl^  1904> 


Gaffe 
height. 


Fefi. 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 


DiachfttKe.       h^gJt.      l>i»charKe. 


Second-feet. 
4 

7 
11 
16 
22 
30 
38 
48 
60 
72 
86 
102 
120 


Feet. 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 


hdSft.   '  I>«»«harge. 


Second-feet. 
140 
161 
184 
209 
237 
267 
299 
333 
367 
401 
435 
469 
503 


Feet. 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 
5.20 
5.40 
5.60 


Second-feet. 
537 
571 
605 
639 
673 
707 


heiSt.   I>»-«^»»*'g«- 


741 
775 
810 
878 
946 
1,014 


Feet. 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 


Second-feet. 
1.082 


1 

1 

1, 

1, 

1 

1 

1, 

1. 

1 

1 


150 
218 
286 
354 
422 
490 
558 
626 
694 
762 
830 


The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  7  dis^ 
charge  measurements  made  during  1903  and  1904.  It  is  fairly  well  defined  between  gage 
heights  1.70  feet  and  4.60  feet.  The  table  has  been  extended  beyond  these  limits.  Abov6 
gage  height  3.50  feet  the  rating  curve  is  a  tangent,  the  difference  being  34  per  tenth. 

Estimated  monthly  discharge  of  Powder  River  near  Baker  City^  Ortg.yfor  1904. 


Discharge  in  second-feet. 


Month. 


Maximum.     Minimum. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November , 

December 

The  year. 


62 

299 

537 

1,592 

946 

639 

150 

48 

34 

54 

34 

38 


1,592 


42 

60 

60 

196 

588 

120 

43 

7 

2  . 

9 

22 

16 


Mean. 


46.2 

133 

154 

843 

663 

398 
85.0 
28.8 
17.2 
29.5 
28.0 
27.6 


Total  in 
acre-feet. 


2,841 

7,650 

9,469 

50,160 

40,770 

23,680 

5,226 

1,771 

1,024 

1, 814 

1,666 

1,697 

147,800 
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OBANDE   RONDE   BIVEB  AT  HILGABD,  OBEO. 

This  station  was  established  November  6,  1903,  by  John  H.  Lewis. 
It  is  located  at  the  county  highway  bridge  one-half  mile  below  the 
Oregon  Railroad  and  Navigation  Company  station  at  Hilgard,  Oreg. 
It  is  just  below  the  mouth  of  Five  Points  Creek,  which  is  the  first 
important  tributary  above  Grande  Ronde  Valley.  There  are  two 
dams  about  20  miles  upstream,  used  to  flood  the  river  during  the  log- 
driving  season.  The  gage  is  a  1  by  4  inch  board  nailed  to  a  vertical 
4  by  6  inch  timber,  which  is  driven  into  the  ground  at  the  down- 
stream end  of  the  middle  bridge  pier  and  bolted  at  the  upper 
end  to  the  log  pier.  J.  D.  Casey  and  Jay  Hawes  read  the  gage  onc« 
each  day  at  ordinary  stages  and  twice  during  floods.  Discharge 
measurements  are  made  from  the  downstream  side  of  the  two-span 
bridge  to  which  the  gage  is  attached.  The  bridge  is  supported  by 
two  timber  crib  abutments  and  by  one  middle  crib  pier.  The  initial 
point  for  soundings  is  at  the  point  where  the  end  post  meets  the 
lower  chord  of  the  bridge  on  the  right  bank.  It  is  directly  over  the 
vertical  outer  edge  of  the  abutment.  The  channel  is  straight  for 
100  feet  above  and  for  200  feet  below  the  station.  At  ordinary 
stages  all  the  water  passes  under  the  right  span,  which  has  a  length 
of  70  feet  from  the  right  abutment  to  the  middle  pier.  At  high 
water  the  water  also  passes  under  the  shorter  span,  which  has  a 
length  of  52  feet  from  the  left  abutment  to  the  middle  pier.  The 
right  bank  is  low,  but  is  not  Uable  to  overflow.  The  left  bank  is 
low  and  will  overflow  only  at  a  few  points  above  the  bridge.  The 
bed  of  the  stream  is  composed  of  sand  and  clay,  free  from  vegetation 
and  bowlders.  It  is  permanent  under  the  main  span,  but  is  liable 
to  shift  in  the  high-water  channel  under  the  shorter  span.  Bench 
mark  No.  1  is  the  head  of  a  bolt  through  the  lower  chord  of  the 
bridge  7.5  feet  from  the  timber  to  which  the  gage  is  attached.  Its 
elevation  is  13.80  feet  above  the  zero  of  the  gage.  Bench  mark  No.  2, 
established  July  15,  1904,  is  a  square  chisel  draft  and  the  letters 
"U.  S.  B.  M.''  cut  in  the  top  of  a  rock  200  feet  from  the  right  bank, 
150  feet  upstream  from  the  bridge.  Its  elevation  is  12.81  feet  above 
the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  imder 
the  direction  of  John  T.  Whistler,  district  engineer. 
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DiscKaiye  measuremenU  of  Grande  Ronde  River  at  HUgardf  Oreg.,  in  190^. 


Date. 


Hydrographer. 


Width. 


Area  of  i      Mean 


section. 


velocity. 


Feet.      Sq.feet.    Ft.  per  tec. 


May  6 

July  15 

July  15 i do 

July  23 do 


W.C.Sawyer 125 

....do 66 

67 
67 


November  5" do 


42 


457 
202 
223 
200 
60 


4.86 
.36 
.80 
.39 
.52 


Qafle 
leignt. 

DlB- 

charge. 

Feet. 

Sec-feet. 

5.60 

2,223 

2.92 

72 

3.25 

179 

3.00 

79 

2.72 

31 

a  Made  at  bridge  1  mile  below. 


Mean  daily  gage  height,  infeety  of  Grande  Ronde  River  at  HUgardf  Oreg.yfor  1904. 


Day. 


Jan.      Feb.     Mar. 


1 

2. 
3. 
4. 

5. 
6. 

I    . 

8. 


2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 


9 '    2.50  I 


10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
If. 
'9. 
20. 
21. 
22. 
23. 
24. 
25. 
2fi. 
27. 
28. 
29. 
30. 
31. 


2.50 

2.60 

2.50 

2.50 

2.50 

2.50 

2.50 

2.40 

2.40  ' 

2.40 

2.40 

2.50 

2.50 

2.50 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 


2.70 
2.70 
2.90 
2.80 
2.80 
2.80 
2.70 
2.70 
2.80 
2.80 
2.80 
2.80 
2.70 
2.80 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
3.00 
3.30 
3.50 
3.40 
3.30 
3.20 
4.00 
2.90 
3.00 


3.00 

2.70 

2.90 

2.90 

3.00 

3.20 

3.90 

5.30 

4.60 

4.20 

3.90 

3.80  : 

3.70 

3.60 

3.90 

3.80 

4.00 

4.20 

4.60 

4.30 

3.90 

3.70 

3.60 

3.50 

3.40  I 

3.30  ' 

3.20  i 

3.60  i 

4.00  ' 

4.60 

4.00 


Apr. 

4.50 

4.80 

5.30 

5.30 

5.20 

5.30 

5.40 

5.40 

6.00 

6.50 

6.80  , 

7.20  ; 

7.40 

7.50 

7.40 

7.00 

6.80 

6.70 

6.60  I 

6.30  I 

6.00  ' 

5.80  ; 

5.70 

5.60 

5.60 

5.70 

5.90 

6.00 

5.90 

5.80 


May. 
5.60 

June. 

4.20 
4.30 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.10 
4.10 
4.00 
3.90 
3.90 
3.80 
3.70 
3.70 
3.60 
3.50 
3.50 
3.40 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 

> 

3.30 
3.30 
3.30 
3.30 

July. 

3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 
2.80 

5.40 

2.90 

5.30 

1 

2.68 

5.20 

• 

2.50 

4.90 

1                        1 

2.50 

5.00 

3.30 

4.80 

2.80 

5.60 

2.90 

4.90 

2.80 
3.00 
2.80 
2.72 
2.65 
2.70 
2.70 
2.70 
2.70 
2.70 
2.65 
2.66 
2.62 
2.95 
2.68 
2.62 
2.98 
2.68 
2.62 
2.62 
2.95 
2.80 

2.75 

4.80 

3.30 
3.30 
3.30 
3.30 
3.30 
3.20 
3.20 

2.80 

4.90 

2.75 

4.60 

2.72 

4.50 

2.76 

4.60 

2.90 

4.80 

2.80 

4.80 

2.80 

4.70 

2.80 

4.80 

1                           ■ 

1             1 

2.90 

4.70 

■   ■ 1 

2.85 

4.70 

2.90 

4.80 

; 

2.85 

4.80 

1 

2.86 

4.70 

1 

2.82 

4.70 

2.78 

4.60 

1 

2.85 

4.40 

1 

2.75 

4.30 

2.76 

4.20 

2.80 

4.30 

1             1 

2.86 

4.30 

3.00 

4.30 

3.26 
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Bating  UMefor  Grande  Ronde  River  at  HUgard,  Oreg.ffrom  January  1  to  December  31,  1904- 


1 

Feet. 

1 
Discharge.  ; 

Second-feet. 

1 

Gage 
.    height. 

Discharge. 

Gage 
hel^t. 

Feet. 

1 

Discharge. 

Gage 
hdfip&t. 

DlmiiMrge. 

i     Feet. 

Second-feet. 

Second-feet. , 

Feet. 

Second-feet. 

2.50 

14 

3.70 

386 

4.80 

1,275 

5.90 

2,592 

2.60 

19 

3.80 

444 

1     4.90 

1,384     . 

6.00 

2,717 

2.70 

28 

3.90 

507 

5.00 

1,495 

1     6.20 

1 

2,969 

2.80 

39 

4.00 

574    , 

5.10 

1,608 

6.40 

3,221 

2.90 

57 

I    4.10 

645 

5.20 

1,725 

6.60 

3,473 

3.00 

83 

4.20 

720 

5.30 

1,846 

6.80 

3.725 

3.10 

116 

4.30 

799 

5.40 

1,968 

1    7.00 

3,977 

3.20 

153 

4.40 

883 

5.50 

2,092 

7.20 

4,229 

3.30 

194 

4.50 

974 

5.60 

2,216 

7.40 

4,481 

3.40 

238 

4.60 

1,069 

5.70 

2,341 

7.60 

4,733 

3.50 

284 

4.70 

1,170 

5.80 

2,466 

7.80 

4,965 

3.60 

333 

1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  5  dia- 
charge  measurements  made  during  1904.  It  is  well  defined  between  gage  heights  2.70 
feet  and  3.30  feet.    The  table  has  been  extended  beyond  these  limits. 

EsHmaJted  monthly  discharge  of  Grande  Ronde  River  at  Hiigardf  Greg.  ^  for  JQOJ^. 


Month. 


Discharge  in  second-feet. 


Maximum.     Minimum. 


January 

February 

March 

April 

May 

June 

July  1-16 

November  9-30. 
December 


19 
574 


12 
28 


1,846 

28 

4,607 

974 

2,216 

720 

799 

194 

194 

153 

83 

21 

194 

14 

Mean. 


15.2 
93.5 
485 
2,786 
1,270 
434 
189 
35.9 
50.6 


Total  in 
acre-feet. 


935 
5.37S 

29,820 

165,800 

78,090 

25,S20 

5.998 

1,566 

3,  HI 


The  period , i I |      316,500 


GRANDE   RONDE    RIVER   AT   ELGIN,  OREG. 

This  station  was  established  November  20,  1903,  by  John  H.  Lewis. 
It  is  located  at  the  county  bridge  on  the  road  from  Elgin  to  Wallowa, 
Oreg.,  and  is  one-fourth  mile  east  of  the  railroad  station.     It  is  at 


R()£«,  WHISTI 
AND  NOBLK 


.ER.~| 
K.      J 


COLUMBIA    RIVER    DRAINAGE    BASIN. 


227 


the  lower  end  of  the  Grande  Ronde  Valley.  The  lower  section  of  the 
original  gage,  reading  from  zero  to  2  feet,  was  a  2  by  4  inch  rod  driven 
into  the  mud  on  the  upstream  side  of  the  vertical  steel  caisson  of 
the  left  pier.  From  2  to  9  feet  the  gage  was  painted  on  the  side  of 
the  caisson.  On  July  21,  1904,  a  standard  chain  gage  was  attached 
to  the  upstream  side  of  the  bridge,  near  the  center  of  the  stream. 
The  length  of  the  chain  from  the  end  of  the  weight  to  the  marker  is 
22.00  feet.  It  is  read  once  each  day  by  John  Graham.  Discharge 
measurements  are  made  from  the  downstream  side  of  the  bridge,  to 
which  the  gage  is  attached.  This  bridge  has  a  span  between  piers 
of  100  feet,  with  130  feet  of  trestle  approach  from  the  left  bank  and 
30  feet  of  approach  from  the  right  bank.  The  initial  point  for  sound- 
ings is  on  the  right  bank  directly  over  the  center  of  the  bent,  30  feet 
from  the  caisson.  The  channel  is  curved  above  a  point  30  feet  above 
the  bridge,  and  is  straight  for  200  feet  below.  The  right  bank  is 
high,  rocky,  free  from  vegetation,  and  will  not  overflow.  The  left 
bank  is  low,  free  from  vegetation,  and  will  overflow  only  under  the 
trestle  approach.  The  bed  of  the  stream  is  uneven,  covered  with 
large  bowlders,  and  is  free  from  vegetation.  It  is  not  liable  to  shift. 
The  channel  is  broken  by  the  piers  and  the  trestle  bents  at  high 
water.  The  bench  mark  is  the  top  surface  of  the  steel  caisson 
directly  over  the  gage.  Its  elevation  is  15.14  feet  above  the  zero  of 
the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  John  T.  Whistler,  district  engineer. 

Discharge  mecLswremtnis  of  Grande  Rond^  River  at  Elgiuy  Oreg.,  in  190^. 


Date. 


Ilydrographer. 


May  12 

July  22 

August  22 

August  22  "  . . 
September  28 . 


Murphy  and  Sawyer 

W.C.Sawyer 

do 

....do 

....do 


Width.i 

Feet. 
160 
89 
77 
36| 
79 


Area  of 
section. 


Mean 
velocity. 


Ga 
heig: 


:S. 


Dis- 
charge. 


Sq.  ft. 

Ft. 

per  sec. 

Feet. 

550 

6.30 

4.87 

244 

0.85 

2.03 

183 

0.27 

1.48 

28 

2.11 

1.48 

214 

.52 

1.76 

Sec. -feet. 

3,460 

209 

50 

58 

111 


a  Made  \  mile  below. 
Mean  daily  gage  height^  infeeij  of  Grande  Ronde  River  at  Elgin,  Greg.,  for  190j^, 


Day. 

1 

2 

3 

4 

5 

6 

7 


Jan. 

1.80 
1.90 

i.m 

1.00 
1.90 
1.90 
1.90 


Feb.  ,  Mar.  ,  Apr.  j  May. 


2.10 
2.00 
2.00 
2.10 
2.20 
2.20 
2.20 


3.20 
3.20 
3.00 
3.00 
3.00 
3.40 
3.50 


4.40 

4.40  ; 

4.50  ; 

4.50 

4.80 

5.00 

5.00 


5.50 
5.40 
5.30 
.5.20 
5.20 
5.10 
5.10 


June 

4.20 

4.30  ^ 

4.30 

4.30 

4.20 

4.10 

4.20 


I     "        I 
July.     Aug.  ,  Sept.     Oct.     Nov. 


2.50 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 


l.fiS 
l.<)5 
1.65  _ 
1.65  ' 
l.Ji.'i  I 

1.60 


1.50  I 

1.50 

1..55 

1.5.5  I 

1.55 

1.55 

1.55 


1.70 

1.70 

1.70  ; 

1.60 

1.60 

1.60 

1.60 


1.70 

1.70 

1.70 

1.70 

1.70  I 

1.70  I 

1.75 


Dec. 


1.75 
1.75 
1.70 
1.70 
1.85 
1.75 
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Mean  daily  gage  height  ^  in  feet  ^  ofOrande  Ronde  River  at  Elgin^  Oreg.ffor  190 Jf — Continued- 


8 
9 
10 
11 
12 
13 
14 

Day. 

Jan. 

Feb. 

Mar. 

4.90 
4.80 
4.80 
4.80 
4.60 
4.40 
4.20 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

1.60 

Nov. 

Dec 

1.90 

2.10 
2.00 
1.90 
1.80 
1.90 
1.90 
2.10 

5.00 

5.00 

4.10 

2.40        1.60 

!.») 

i     1.75        1.75 

1.80 
1.70 
1.90 

5.20       4.90 

4.10      2.50 

1.60  i     1..50  '     1.65 

>       1.70         l.ri5 

6.70 
6.20 
6.50 
6.80 
7.00 

4.90 
4.90 
4.90 
4.90 
4.90 

4.10 

2.50        1.60 

l-.5n      1.7.^ 

»  '     1.70   '     1.70 

4.00  ■     2.50  1     1.60       l..<i5       \.m 

1  '     1.70         l.Tfi 

1.90 

3.90 
3.80 
3.70 

2.50        1.60        1.4.5        1.80 

>       1.80         1.70 

1.90 

2.40       1.55 

1 

1    ..         .       1.75 

2.00 

2.40       1.55       1.50  1     1.85 

>        1.70         l..*0 

15 '    2.10 

2.20 

4.10 

7.60 

4.90 

3.70 

2.40  j     1.55  ,     1.50       1.8.^ 

1     1.70         l.HO 

16 '    2.20 

3.00 

4.10 

7.60       4.90 

3.60 

2.30 

1.50  !     1.50  1     1.85 

1.80  ,      1.7U 

17 2.40 

3.00 

4.10 

7.60 

4.80 

3.60 

2.30 

1.50       1.50       1.90 

1  1     1.75         !.?!) 

18 2.20 

2.90 

4.10 

7.60       4.80 

3.60       2.20 

1.50 

1.50  1    2.00 

1.70         1.7.5 

19 1    2.10 

2.70 

4.20 

7.60 

4.80 

3.60       2.10 

1.50       1.45        i.9G 

1.70         1.^ 

20 2.10 

2.70 

4.30 

7.20       4.80 

;    3.50       2.00 

1.50  !     1.45       1.80 

1.75         1  >Jij 

21 1.80 

2.70 

4.40 

7.00 

4.80 

3.40 

2.00 

1.45       1.45       1.75 

1.75         l.Sil 

22 2. 10 

2.70       4.30 

6.80 

4.80 

3.20  !    2.00 

1.45 

1.45  j     1.75 

1.75         1.75 

23 2.20 

3.20       4.10 

6.60       4.80 

3.10 

2.00 

1.45 

1.50  1     1.7.5 

1.70         1.7.5 

24 

2.5 

2.10 

3.70       3.90 
3.50       3.80 

6.20       4.80 
5.90       4.80 

3.00       1.95 
2.90       1.90 

1.45 
1.45 

1.50       1.80 
1.55       1.80 

1 .  75         1 .  Ml 

2.00 

1     1.70        I.Nf) 

26 
27 

2.20 

3.50 

.'t.fV) 

5.80 
5.70 

4.80 
4.70 

2.80       1.85 
2.80       1.80 

1.45 
1.45 

1.65       1-75 

1-75 

o  1    HA 

2.30 

3.50       3.40 

1.65 

1.75 

1     1.75  .  a  1.70 

28 

2.20 

3.20 

3.50 

5.60       4.60 

2.80  1     1.75 

1.50 

1.80 

1.75 

1.75     al.iiS 

29 

2.20 

3. 10       3. 70 

5.60 

4.40 

2.70       1.80  !     1.55 

1.80 

1.70 

1     1.75  1  •1..SJ 

30 

31 

2.20 
2.20 

4.30 

5.60       4.20 

2.60 

1.75 
1.70 

1.55 
1.55 

1.80 

1.70 
1.70 

1.75     a  I   7n 

4.50 

4.20 



a  1.80 

1              1 

n  Gageh 

eights  Docemfa 

ter  26  to  31,  in< 

jlusive,  are  app 

»roxima 

kte,  owing  to  ice. 

Rating  table  for  Grai 

ide  Ronde  Ri 

r-er  at  Elgin, 

Discharge. 

Second-feet. 

Oreg.jfrom  January  1  to  December  SI,  1904. 

Gage 
height. 

Discharg 

et. 

Gage 
height. 

Feet. 

Gage 
heighl 

1 
Discharge. 

Gage 
height. 

Diacfaarge. 

Feet. 

Secojid-fe 

Feet. 

Second-feet. 

Feet. 

Second'/eet, 

1.50 

S 

2.80 

589 

4.10     '       2,114     :     5.80 

5,127 

1.60 

7^ 

2.90 

663 

4.20 

2,277 

6.00 

5,485 

1.70 

95 

3.00 

743 

4.30    ,      2,446 

6.20 

5,843 

1.80 

12i 

3.10 

1 

829 

4. 40           2, 621 

6.40 

6,201 

1.90 

*15^ 

I         3.20 

923 

4.50          2,800     1    6.60 

6,559 

2.00 

19C 

1    3.30 

1,025 

4.60 

2,979 

6.80 

6,917 

'     2.10 

22^ 

)          3.40 

1,135 

4. 70           3, 158 

7.00 

7,275 

2.20 

26^ 

'    3.50 

1,253 

4.80          3,337 

7.20 

7,633 

2.30 

3o; 

3.60 

1,379    1 

4.90 

3,516 

'    7.40 

7,991 

,     2.40 

35^ 

3.70 

1,513 

5.00    1      3,695 

7.60 

8,349 

,     2.  .50 

40,' 

3.80 

1,655     1 

5.20 

4,053 

7.80 

8,707 

2.60 

1 

46S 

3.90 

1,804 

5.40    1      4,411    ;     8.00 

9,065 

2.70 

52;; 

1 

i 

I.  00 

IJ 

m 

5.60 

4,769 

1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  5  dis- 
charge measurements  made  during  1904.  It  is  not  well  defined.  Above  gage  height  4.40 
feet  the  rating  curve  is  a  tangent,  the  difference  being  179  per  tenth. 
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Ettimated  monthly  discharge  €fOrande  Ronde  River  at  Elgin,  Oreg.,for  190^. 


Month. 


Januaiy 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Diflcha 

irge  In  second 
Minimum. 

-feet. 

Mean. 



204 

Total  in 

Maximum. 

acre-feet. 

354 

99 

12,540 

1,513 

128 

528 

30,370 

3,516 

743 

2,007 

123,400 

8,349 

2,621 

5,525 

328,800 

4,590 

2,277 

3,471 

213,400 

2,446 

462 

1.496 

89,020 

405 

99 

271 

16,660 

86 

44 

63.1 

3,880 

128 

44 

63.2 

3,760 

190 

74 

114 

7,010 

128 

99 

107 

6,367 

143 

74 
44 

,114 
1,168 

7,010 

8,349 

842,200 

GRANDE    RONDE    RIVER   AT   ZINDEL,  WASH. 

This  station  was  established  June  30,  1904,  by  W.  G.  Steward.  It 
is  located  at  Zindel  Ferry,  2  miles  above  the  mouth  of  the  river  and 
1  i  mile^  below  Joseph  Creek.  The  gage  is  located  just  below  the 
ferry  on  the  left  bank.  It  is  an  inclined  fir  log,  hewed  flat  on  the 
top  face  and  graduated  to  vertical  feet  and  tenths,  from  2.5  to  8.9 
feet.  The  gage  is  read  daily  by  M.  W.  Zindel,  who  is  paid  by  the 
Lewiston  Water  and  Power  Company.  Discharge  measurements  are 
made  from  the  ferryboat.  The  distances  are  measured  on  the  stay- 
line  used  for  the  ferry.  The  initial  point  is  an  8-penny  nail  in  a  pine 
tree  30  feet  south  of  the  cable  post  on  the  right  bank.  The  channel 
is  curved  above  the  station,  but  straight  for  1,200  feet  below.  There 
are  rapids  600  feet  above  and  also  1,200  feet  below  the  station.  The 
right  bank  is  rocky  and  slopes  gradually.  It  is  liable  to  overflow  at 
extreme  high  water.  The  left  bank  is  high  and  rocky,  and  not  liable 
to  overflow.  The  bed  is  rocky  and  permanent.  It  is  fairly  even  for 
soundings.  There  is  one  channel  at  all  stages.  The  bench  mark  is 
located  29  feet  downstream  from  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  John  T.  Whistler,  district  engineer. 
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Discharge  measurementa  of  Grande  Ronde  River  at  Zindelf  Wath.,  in  1904^ 


Date. 
June  29 

Uydrographer. 
W.  G.  Steward 

— 

Width. 

Feet. 
208 

Area  of  1 
section.  ' 

5^.  feet. 
1    182 

Mean 
velocity. 

Ft.  per  sec. 
3.18 

1.40 

Gage 
height. 

Feet. 
4.32 

2  .«« 

Difl- 

Sec.-fert. 
3,  762 

August  11 

C.  M.  Hulburt 

192  1         801 

1,  118 

1 

1 

Mean  daily  gage  Tieight,  in  feet,  of  Grande  Ronde  River  ai  Zindel,  W 

ash., 

Hit. 

for  190^ 

Day. 

June. 

July. 

Aug.   1  Sept.      C 

Nov. 

2.  .10 

Dew. 

1 

5.00 
5.00 
4.65 
4.70 
4.65 
4.60 
4.60 
4.55 
4.45 
4.40 

2.90         2.40        2.30 

2.30 

1 

2 

2.85         2.35         2.30         2.30 
2.80         2.35         2.30         2.30 
2.75         2.30  ,      2.25         2.30 
2.70         2.30        2.20         2.25 
2.70  '      2.29         2.25  '■      2.25 
2.70        2.28  ,      2.30         2.25 
2.63         2.25         2.30         2.25 

2.25 

3 

2.25 

1 

4 ' 

2.15 

5 ' 

2.15 

2,15 

7::::::::::::::::::::::::::::::::::::::::::::!:::::::: 

2.25 

8. 

1 
'  

2.30 

9 1 

2.65  1      2.23  :      2  .IS 

2.25 
2.25 

2.40 

10 

2.60 

2.21  ,      2.35 
2.20  '      2.35 
2.20  J      2.35 
^2.20        2.40 
2.20        2.45 
2  2n        2  <in 

2.3U 

n 

4.30         2.00 

2.25  '         2.25 

12 

4.25 
4.20 

2.00 
2.55 

230  1        2.25 

13 '■ 

2.30           2.30 

14 '     

4.0)         2.55 

2. 25           2.  .10 

1 

15 

3.90 
4.00 
3.90 

2.60 

2. 25           2-  S.^ 

16 

2.50         2.20         2.50 
2..'i0         2.20        2..'i0 

2.25           2.40 

17 

2. 25          2. :« 

,8 '::::.::: 

3.90         2.50 

1       2.3n          2.45 

2.25           2..%'» 

19 

3.«)         2.50  ,      2.20         2.15 
3.60         2.50         2.30         2.45 
3.55  '      2.40  \      2.20         2.45 
3.60         2.40         2.20         2.40 

2.25           2..^'» 

20 

2. 25           2. 30 

21 

2.30           2-:«i 

22 

2..in 

•>  4n 

23 ' 

3.55         2.35         2.20         2.40  !      2.30           2.'jO 

24 

S.-W         2.:»         2.20         2.40!      2.25           2. !.'» 

Z") 

3.50  ,      2.30         2.20         2.40  '      2.25           2.30 

2fi .       .. 

3.40         2.30         2.:«         '2.^  ,       2.25  .         •>  '^n 

27 

3.25         2.30 
3.30         2.30 

2.40         2.35  '      2.30           2.30 

28 ■. i 

1               1 
2.30         3.30         2.30  i        2.25 

29 

........ 

4.32 

.1.10         2.45 

2.30         2.30         2.30          2--«i 

30 

4.18       .1-10        7  an 

2.30        2.30  '      5  ^ 

2.  »?0 

31 

3.00  1      2.50 

9  ^ 

2-»i5 

•• 

WALLOWA    RIVER    NEAR   JOSEPH,  OREO. 

Tliis  station  was  established  November  12,  1903,  by  Jolin  H.  Lewis. 
The  gage  is  located  on  Wallowa  Lake  near  its  outlet.  It  is  a  vertical 
2  by  6  inch  board  fastened  to  a  log  pier  which  extends  into  the  lake. 
It  reads  from  zero  to  5  feet.  It  is  read  once  each  day  by  F.  L.  Beding- 
field.  Discharge  measurements  are  made  from  a  footbridge  about  500 
feet  below  the  outlet  of  Wallowa  Lake  and  1  \  miles  above  Joseph.  Oreg. 
The  bridge  has  a  single  span  of  50  feet.  The  initial  point  for  sound- 
ings is  the  end  of  the  upstream  log  supporting  the  footbridge  on  the 
left  bank.  The  channel  is  straight  for  100  feet  above  and  for  75  feet 
below  the  station.  The  right  bank  is  liable  to  overflow  at  liigh  water 
for  about  30  feet,  at  which  point  it  becomes  steep.  The  left  bank  will 
overflow  for  about  20  feet  at  high  water.     Both  banks  are  timbered. 
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At  the  bridge  the  bed  of  the  stream  is  composed  of  large  bowlders, 
free  from  vegetation,  and  is  not  liable  to  shift.  There  is  but  one  chan- 
nel at  all  stages.  The  direction  of  the  wind  is  liable  to  affect  both  the 
gage  readings  on  the  lake  and  the  discharge.  The  bench  mark  is  a 
square  chisel  draft  and  the  letters  ''U.  S.  G.  S.  B.  M.^'  painted  in 
black  on  a  granite  bowlder  on  the  beach,  under  a  large  cottonwood 
tree,  about  65  feet  northwest  of  the  gage.  Its  elevation  is  4.95  feet. 
The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  John  T.  Whistler,  district  engineer. 

DiMharge  measurements  of  Wallowa  River  near  Joseph^  Oreg.y  in  1904- 


Date. 


July  18 

July  18« 

August  18 

September  26.. 
September  26  « 


Hydrographer. 


W.  C.  Sawyer. 

do 

do 

do 

do 


W'idth. 

Area  of 
section. 

Mean 
velocity. 

Oage 
height. 

Dia- 
charge- 

F§et. 
40 

Sq.feet. 
102 

Ft.  per  sec. 
3.94 

Feet. 
2.98 

Sec-feet. 
402 

60 

194 

2.13 

2.97 

413 

35 

67 

3.50 

2.38 

234 

31 

36 

2.30 

1.53 

84 

75 

78 

1.21 

'1.54 

95 

ff  At  footbridge. 
Mean  daily  gage  height,  infeetj  of  WoUouxl  River  near  Joseph,  Oreg.,for  190J^. 


Day. 

Jan. 

1.45 
1.4.'> 

Feb. 

1.10 
1.20 

Mar. 

Apr. 

I  

1.40 

2 

1.45 

3     

i.;w 

4   

1.25 
1.25 



1.33 

5           

1.30 

6 

1.30 

7        



1.20 
1.20 
1.20 

1.4,') 

1.30 

8 

1.30 

9          

1.30 

10            

1.42 
1.42 
1.40 
1.40 
1.40 
1.40 
1.40 

1.33 

11           

1.37 

12 

1.25 
1.25 
1.25 
1.25 
1.35 
1.35 
1.40 
1.45 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.35 

1.50 
1.40 
1.40 
1.40 
1.40 
1.45 
1.45 

1.45 
1.45 
1.40 
1.40 
1.45 
1.40 
1.50 
1.50 
1.45 

1.40 

la  .      ...;.... 

1.45 

14 

1.52 

1 "» 

1.70 

16 

1.80 

17             

1.85 

18 

1.90 

19             ' 

1.05 

30 

2.00 

21         ' 

2.00 

22 

2.00 

23 

2.00 

24 

26 

26 

27 

28 

29 

30 

31 

1.40 
1.35 
1.3.5 
1.30 
1.25 
1.25 
1.25 

1.25 

1 

2.00 
1.05 
1.05 

1.05 
1.95 
1.95 

1 ..... . 

2.00 

3.20 

2.00 

3.20  ! 

2.00 

3.25 

2.00 

3.25 

2.00 

3.25 

2.00 

3.30 

2.00 

3.30 

May. 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.07 
2.10 
2.15 
2.20 
2.2') 
2..10r 
2..'}8 
2.50 
2.58 
2.fiO 
2.65 
2.75 
2.90 
3.a5 
3.10 
3.10 
3.05 

3.05 
3.05 
3.15 


June    July.     Aug.  i  Sept. 


I 


3.20 
3.20 
3.20 
3.20 
3.20 
3.25 
3.25 
3.25 
3.30 
3.30 
3.30 


3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.80 
3.80 
3.70 
3.60 
3.55 
3.50 
3.50 
3.55 
3.65 
3.70 


3.80 
3.80 
3.95 
3.95. 
3.90 
3.90 
.3.90 
3.K5 
3.80 
3.80 
3.75 
3.70 
3.65 
3.50 
3.45 


2.70 
2.70 
2.60 
2.60 


3.10 
3.00 
2.90 
2.80 
2.85 
2.80 
2.95 
3.00 
3.10 
3.50 
3.00 
3.00 
2.95 
2.90 
2.80 


2.38 
2.40 


1.40 
1.60 

i.eo 

1.60 
1.60 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 


1.30 
1.30 

1.30 


1.54 
1.53 


1.50 
1.60 
1.50 


Oct.  ,  Nov.  '  Dec. 


1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.60 


1.30 

1.40 

1.30 

1.40 

1.30 

1.40 

1.30 

1.40 

1.30 

1.40 

1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

« 

1.30 
1.30 
1.30 
1.30 
1.30 
1.20 
1.30 


1.50 

1.30 

1.30 

1.50 

1.30 

1.50 

1.30 

1.30 

1.50 

1.30 

1.30 

1.40 

1.30 

1.30 

1.40 

1.30 

1.20 

1.40 

1.20 

1.40 

1.30 

1.40 

1.40 

1.40 
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Raiing  table  for  WaUovxi  River  near  Joseph,  Oreg.,from  November  IS,  1903^  to  December  31* 


190^. 


Gage 
height. 

Dischaige. 

Gage 
height. 

1 

1 
1 

Discharge. 

1 

Gage 
height. 

Feet. 

1 

Discharge. 

■ 

Gage 
height. 

Feet. 

Dischaige. 

Feet. 

Second-feet. 

Feet 

Second-feet. 

Second-feet. 

Second-feet 

1.20 

53 

2.00 

1 

157 

2.70 

315 

3.40 

541 

1.30 

63 

2.10 

175 

2.80 

344 

3.50 

1 

575 

1.40 

73 

2.20 

195    , 

2.90 

374 

3.60 

609 

1.50 

85 

2.30 

216 

3.00 

406 

3.70 

643 

1.60 

97 

:    2.40 

238    j 

3.10 

439 

3.80 

677 

1.70 

110 

2.50 

262 

3.20 

473 

3.90 

711 

1.80 

125 

2.60 

283    : 

3.30 

507 

4.00 

745 

1.90 

141 

1 

1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  6  dis- 
charge measurements  made  during  1903  and  1904.  It  is  well  defined  between  gage  heighti^ 
1.50  feet  and  3.00  feet.    The  table  has  been  extended  beyond  these  limits. 

Estimated  monthly  discharge  of  WaHotoa  River  near  Joseph,  Oreg.,for  1903  and  1904- 


Month. 


Dischaige  in  second-feet.  <> 


Maximum. 


1903. 


November  13-30 
December 


103 
97 


1904. 


January. . 
February. 
March  . . . 
April 


May 

June 

July 

August 

September. 
October.. . 
November. 
December. 


79 

79 

85 

157 

456 

677 

728 

315 

185 

97 

73 

73 


Minimum. 

85 
77 


The  year. 


728 


58 

45 

73 

63 
157 
473 
344 
185 

85 

73 

63  I 

53  I 

45 


Mean. 


94.2 
86.0 


Total  in 
acre^feot. 


3,363 

5.288 


72.0 
63.1 
78.0 

110 

266 

555 

534 

240 

133 
85.4 
65.3 
62.7 

189 


4,427 

3,630 

4,796 

6,545 

16,360 

33,020 

32,830 

14,760 

7,914 

5, 251 

3,SS9 

3,855 

137,300 


a  Discharge  interpolated  for  missing  gage  heights. 


WALLOWA    RIVER    NEAR    WALLOWA,  OREO. 

This  station  was  established  November  14,  1903,  by  John  H.  Lewis. 
It  is  located  at  the  county  bridge,  IJ  miles  below  Wallowa,  Oreg.,  and 
one-fourth  mile  below  the  mouth  of  Bear  Creek.     A  small  irrigation 
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ditch  which  carries  about  2  second-feet  takes  water  from  the  river 
about  300  feet  above  the  bridge  on  the  right  bank.  The  gage  is  a  ver- 
tical 2  by  6  inch  timber  nailed  to  the  downstream  side  of  the  timber 
crib  pier  on  the  right  bank.  Its  location  is  such  that  it  is  protected 
by  the  pier  from  drift.  It  is  read  once  each  day  by  L.  S.  Johnson. 
Discharge  measurements  are  made  from  the  upstream  side  of  the 
bridge  to  which  the  gage  is  attached.  The  initial  point  for  sound- 
ings is  the  left  end  of  the  lower  chord  on  the  upstream  side  of  the 
bridge.  The  channel  is  straight  for  400  feet  above  and  for  600  feet 
below  the  station.  The  current  is  swift.  Both  banks  ^re  low, wooded, 
and  not  liable  to  overflow.  The  bed  of  the  stream  is  composed  of 
gravel,  free  from  vegetation,  and  is  not  liable  to  shift.  There  is  but 
one  channel  at  low  water.  At  high  water  the  channel  is  broken  by 
the  rock-filled  timber  crib  pier,  to  which  the  gage  is  fastened.  Bench 
mark  No.  1  is  the  head  of  a  30-penny  wire  nail  driven  nearly  flush 
with  the  top  of  the  crib,  2  inches  from  the  edge,  near  the  gage.  Its 
elevation  is  6.60  feet  above  the  zero  of  the  gage.  Bench  mark  No.  2 
is  a  square  chisel  draft  on  top  of  a  rock  near  rail  fence  across  the 
ditch  50  feet  from  the  right  end  of  the  bridge.  Its  elevation  is  8.10 
feet  above  the  gage  zero. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  John  T.  Whistler,  district  engineer. 


Discharge  measurements  of  Wallowa  River  near  WaUcwa,  Oreg.i  in  1904.. 


Date. 


July  19 

xiugust  19 

September  24. 


Hydrographer. 


W.  C.  Sawyer. 


do. 


do. 


I 


Width; 

Feet. 
88 
84 
72 


Area  of 
section. 


Sq./eet. 

200 

106 

87 


Mean      I      Gaee 
velocity.  '    height. 


Ft.  per  gee. 
5.30 
3.60 
3.08 


Feet. 
3.09 
2.12 
1.82 


Dis- 
charge. 

Sec.-Jeet. 
1,058 
379 
268 


Mean  daily  gage  height  ^  in  feet,  of  WaUowa  River  near  WaUovxi,  Oreg.^for  1904- 


Day. 


Jan.  !  Feb. 


1. 

2. 

3. 

4. 

5. 

6. 

7, 

8. 

9. 
10. 
11. 
12. 
13. 
H. 
15. 
16. 
17. 
18. 


1.70 

1.70 

1.70 

1.70 

1.70 

1.68 

1.72 

1.70 

1.76 

1.70 

1.75 

1.72 

1.74 

1.68 

1.78 

1.62 

1.72 

1.56 

1.72 

1.50 

1.74 

1.70 

1.74 

1.88 

1.80 

1.68 

1.80 

1.60 

1.75 

1.68 

1.75 

2.00 

1.80 

1.85 

1.80 

1.60 

1.95 
1.85 
1.85 
1.90 
1.95 
2.00 
3.02 
3.75 
2.90 
2.(i0 
2.70 
2.55 
2.45 
2.45 
2.50 
2.30 
2.30 
2.30 


2.20 

2.30  ' 

2.40 

2.40 

2.50  ■ 

2.80 

2.50 

2.50 

2.55 

2.80 

2.80 

2.70 

2.80 

3.50 

3.70 

3.80 

3.50 

3.50 


May. 

2.70 
2.80 
2.75 
2.80 
2.80 
2.70 
2.70 
2.70 
2.75 
2.75 
2.80 
2.90 
2.90 
3.30 
3.00 
3.00 
3.10 
3.30 


June. 

3.80 
3.60 
3.60 
3.50 
3.70 
4.00 
4.00 
3.70 


July. 

Aug. 

4.20 

4.10 

4.20 

■ 

4.00 

Sept.  ,  Oct.     Nov.  '  Dec 


4.00 
4.10 
4.00 
3.90 


3.70 

4.00 

3.70 

4.00 

3.50 

4.00 

3.50 

3.90 

3.50 

3.70 

3.50 

3.50 

3.30 

3.40 

3.90 

3.40 

3.70 

3.20 

4.20 

3.10 

2.30 

2.30 

2.00 

2.00 

2.20 

2.20 

2.30  ' 

2.20 

2.20  ! 

2.20  ; 

2.20 

2.20 

2.20  ■ 

2.20 


2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 


1.80 

1.80 

1.80 

1.80 

1.80 

2.00 

2.00 

1.90 

1.90 

1.90 

1.90 

2.00 

2.00 

2.00 

2.10 

2.10 

2.10  , 

2.00  , 


1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 


1.90 
1.90 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
1.70 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
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Mean  daUygage  heiglUj  in  feet,  of  Wallowa  River  near  WaUovDa,  Oreg.,for  1904 — Continued. 


Day. 


Jan.      Feb. 


Mar.     Apr.  ,  May. 


19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


1.70  I     1.70      2.30      3.40      3.30 


1.65 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.65 


1.76 
1.78 
2.40 


2.50 

2.25 

2.20 

2.20 

2.20 

2.00 

2.00 

I 


2.30 
2.30 
2.20 
2.20 
2.10 
2.10 
2.55 
2.00 
2.00 
2.40 
2.40 
2.20 


3.40 
3.20  I 
3.10  I 
3.00  I 
2.80  I 
2.80 
2.80  I 
2.90 
2.90 
2.90 
2.80 


3.20 
3.50 
3.70 
4.00 
4.20 
3.80 
3.50 
3.50 
3.50 
3.50 
3.70 
3.20 


June. 

4.10 
4.00 
3.90 
4.00 
3.70 
3.40 
3.30 
3.20 
3.30 
3.30 
3.50 
3.60 


July.  I  Aug.  ,  Sept.  I  Oct.     Nov. 


Dec. 


3.10 

3.10 

3.20 

3.30 

3.20 

3.20 

3.00 

3.00 

2.90 

2.80  I 

2.70  I 

2.60  1 

2.00  I 


2.10 
2.10 
2.10  ' 
2.10 
2.10  I 
2.10  I 
2.10  I 
2.10 
2.00  ! 
2.20 
2.20 
2.20 
2.20 


1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 


2.00 

1.90 

l.» 

2.00 

1.90 

1-80 

2.00 

1.90 

1.8D 

2.00 

1.90 

1.80 

2.00 

1.90 

1.80 

2.00 

1.90 

1.80 

2.00 

1.90 

1.80 

1.90 

1.90 

l.*0 

1.90 

1.90 

l.W 

1.90 

2.00 

l.» 

1.90 

1.90 

l.« 

1.90 

1.90 

2.10 

1.90 

2.10 

Rating  table  for  Wallowa  River  near  WaUowOy  Oreg.ffrom  January  1  to  December  31 ,  1904- 


Gage 
height. 


Feet. 
1.70 

1.80 

1.90 

2.00 

2.10 

2.20 

2.30 


Discharge. 

Second-feet. 
226 

258 

293 

331 

371 

414 

461 


Oa^e 
height. 

Feet. 
2.40 

2.50 

2.60 

2.70 

2.80 

2.90 

3.00 


Discharge. 

Gage 
height. 

Second-feet. 
512 

Feet. 
1     3.10 

567 

3.20 

626 

3.30 

6a3 

3.40 

772 

3.50 

862 

3.60 

960 


Discharge. 

Second-feet. 
1,063 

1, 169 

1,277 

1.388 

1, 502 

1,616 


Gage 
height. 

Feet. 
3.70 

3.80 

3.90 

4.00 

4.10 

4.20 


Discharge. 


Second-feet. 
1,730 

1,844 

1,958 

2,072 

2,186 

2.300 


The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  3  dis- 
charge measurements  made  during  1904.  It  is  well  defined  between  gage  heights  1.80  feet 
and  3.10  feet.    The  table  has  been  extended  beyond  these  limits. 

Estimated  jnonOUy  discharge  of  WaUovxi  River  near  Wallowa^  Oreg.yfor  190j^. 


Month. 


January. . . 
February. . 

March . 

April 

May 

June 

July 

Augu.st " . . 
SeptemlxT. 
October.. . 
November. 
December . 


The  year. 


Discharge  in  second-feet. 

Total  in 

Maximum. 

Minimum. 

Mean. 

acre-feet. 

258 

197 

225 

13,^10 

567 

172 

284 

16,340 

1,787 

275 

517 

31.790 

1,844 

414 

923 

54,920 

2,300 

693 

1,165 

71.640 

2,300 

1,169 

1,681 

100, 000 

2,300 

331 

1,473 

90,  570 

461 

331 

397 

24,410 

371 

258 

303 

18,  030 

371 

258 

311 

19,120 

331 

293 

294 

17,490 

371 

226 

261 

16, 050 

2,300 

172 

653 

474,  200 

«  Discharge  interpolated  .\ugust  1-4. 


I_ 
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WALLOWA    RIVER    NEAR    ELGIN,    OREO. 

This  station  was  established  November  18,  1903,  by  Jolin  II.  Lewis. 
It  is  located  at  the  county  highway  bridge  just  below  the  mouth  of 
Minam  River  and  12  miles  from  Elgin,  Oreg.  The  gage  is  in  2  sec- 
tions of  2  by  6  inch  timber,  located  under  the  lower  side  of  the  bridge 
on  the  left  bank.  Both  sections  are  held  in  place  by  bolts,  cemented 
into  the  solid  rock.  The  lower  or  incUned  section  reads  from  1.7  to  3 
feet.  The  upper  or  vertical  section  reads  from  3  to  10  feet.  The 
gage  is  read  once  each  day  by  John  McCulloch.  Discharge  measure- 
ments are  made  from  the  downstream  side  of  the  single-span  bridge, 
to  which  the  gage  is  attached.  On  account  of  the  velocity  of  the 
water  a  stay  wire  is  used  in  making  discharge  measurements.  The 
initial  point  for  soundings  is  the  end  of  the  bridge  rail  on  the  left  bank. 
The  channel  is  straight  for  100  feet  above  and  for  1,000  feet  below  the 
station.  Both  banks  are  high,  rocky,  not  liable  to  overflow,  and  with- 
out timber  or  brush.  The  current  is  swift.  The  bed  of  the  stream  is 
composed  of  gravel,  free  from  vegetation,  and  not  liable  to  shift. 
There  is  but  one  channel  at  all  stages.  Bench  mark  No.  1  is  the  high- 
est point  of  the  rock  to  which  the  vertical  section  of  the  gage  is  fas- 
tened. It  is  6  inches  from  the  gage  rod  and  has  an  elevation  of  9.60 
feet  above  the  zero  of  the  gage.  Bench  mark  No.  2  is  the  center  of 
the  hole  in  the  rock  in  which  the  bolt  supporting  vertical  rod  is  set. 
iLs  elevation  is  7.07  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  John  T.  Whistler,  district  engineer. 

Discharge  rueofturemerUs  of  WolUnva  Rh^er  near  Elgin,  Oreg.f  in  1904. 


Date. 


Hydrographer. 


July  20 W.C\  Sawyer. 

Aug}ist  20^ do 

Septeml)er  27 do 


Width. 

Feet. 
160 
147 
135 


Area  of 
section. 


Mean 
velocity 


Gage  Dis- 

heignt.      chaise* 


8q.  feet.    Ft.  per  nee. 
363  4.58 

196  ;        2.90 
164  2. 54 


Feet. 
3.70 
2.65 
2.35 


Sec.-Jeet. 
1,663 
568 


416 
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Mean  daily  gage  height j  infeeiy  of  WaUowa  River  near  Elgin,  Oreg.,for  1904- 


Day. 

Jan.  ' 

2.50 
2.60 
2.60 
2.60 
2.50 
2.50 
2.50 
2.50 
2.60 
2.60 
2.60 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.30 
2.40 
2.50 
2.50 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 

Feb. 

2.30 
2.30 
2.30 
2.40 
2.60 
2.60 
2.50 
2.40 
2.40 
2.50 
2.50 
2.60 
2.60 
2.60 
2.60 
2.70 
2.70 
2.50 
2.70 
2.60 
2.60 
3.00 
3.50 
3.90 
3.00 
3.00 
3.30 
3.00 
3.00 

Mar. 

Apr. 

May. 

3.80 
3.80 
3.80 
4.00 
3.90 
3.80 
3.80 
3.80 
3.80 
3.90 
4.00 
4.00 
4.10 
4.20 
4.20 
4.20 
4.30 
4.50 
4.50 
4.40 
4.60 
5.00 
5.30 
5.40 
5.00 
4.60 
4.60 
4.60 
4.70 
4.80 
4.80 

June. 

4.80 
5.00 
4.80 
4.70 
4.80 
5.10 
5.00 
4.90 
4.80 
4.70 
4.50 
4.50 
4.50 
4.50 
4.80 
5.00 
5.00 
5.20 
5.00 
4.80 
4.70 
4.70 
4.60 
4.30 
4.30 
4.30 
4.30 
4.30 
4.50 
4.60 

July. 

5.00 
4.80 
4.80 
4.80 
4.70 
4.70 
4.60 
4.60 
4.60 
4.50 
4.40 
4.40 
4.30 
4.10 
4.10 
4.00 
3.80 
3.70 
3.70 
3.70 
3.70 
3.80 
3.80 
3.80 
3.70 
3.60 
3.50 
3.50 
3.30 
3.20 
3.10 

Aug. 

3.00 
3.00 
3.00 
3.00 
2.90 
2.90 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.(i0 
2.60 
2.60 
2.60 
2.60 
2.60 
2.50 
2.60 
2.70 
2.70 
2.60 
2.60 

Sept. 

2.60 
2.60 
2.50 
2.50 
2.60 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 

Oct. 

2.30  ' 

2.30  1 

2.30 

2.30 

2.30 

2.30 

2.40 

2.50 

2.40 

2.40 

2.40 

2.60 

2.50 

2.60 

2.60 

2.60 

2.50 

2.50 

2.50 

2.40 

2.40 

2.40 

2.40 

2.40 

2.40 

2.40 

2.40 

2.30 

2.30 

2.30 

2.30 

Nov.  ' 

2.30 

2.30  , 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.40 

2.30 

2.30 

Det-. 

1 

2.90 
2.90 
2.80 
2.80 
2.80 
2.90 
3.70 
5.00 
4.40 
3.90 
3.80 
3.60 
3.40 
3.40 
3.70 
3.40 
3.40 
3.40 
3.40 
3.50 
3.30 
3.20 
3.20 
3.20 
3.20 
2.90 
2.90 
2.90 
3.40 
3.««) 
3.40 

3.30 
3.40 
3.(50 
3.70 
3.80 
4.30 
3.90 
3.80 
4.00 
4.40 
4.80 
4.80 
5.00 
5.20 
5.20 
5.20 
4.80 
4.60 
4.60 
4.60 
4.60 
4.20 
4.10 
3.90 
3.80 
3.80 
3.90 
4.00 
4.00 
3.90 

2.  :i^ 

2 

2.30 

3 

2.30 

4 

6 

2. :«) 
2,;* 

6 

2.:M) 

7 

2.30 

8 

2.30 

9 

2.30 

10 

2.;» 

11 

2.30 

12 

J.  30 

13 

2.30 

14 

2-30 

15 

2.30 

16 

2.:a> 

17 

2..» 

18 

2.30 

19 

2.,'» 

20 

2.  :w 

21 

22 

23 

24 

25 

26 

27 

28 

2..« 
2.AJ 
2. 30 
2- .'in 
2.;a» 
2.;«> 
'2.M) 

2.;«J 

29 

2.3i) 

30 

31 

2.  .TO 
2.--i*> 

Rating  iahlefor  WaUowa  Rii^r  near  Elgin,  Oreg.,from  November  £1,  19<)ri,  to  Decembrr  .il, 

190 Jt. 


Gaee 
,    height. 

Discharge. 

1 

Gage 
height. 

1 

Discharge. 

Gaee 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

1 

Second-feet. 

w 

Feet. 

Second-feel. 

Feet. 

Second-feet 

'     2.30 

386 

3.10 

926 

3.90 

1,946 

4.70 

3,082 

i     2.40 

1 

435 

3.20 

1,027 

4.00 

2,088 

4.80 

3,224 

2.50 

488 

'     3.30 

1,137 

4.10 

2,230 

4.90 

3, 366 

2.60 

.'>45 

!     3. 40 

1,256 

4.20 

2,372 

5.00 

3,  5()S 

2.70 

606 

3.50 

1,,^S4 

4.30 

2,  514 

5.10 

3,650 

2.80 

674 

3.60 

1,520 

4.40 

2,656 

5.20 

3,792 

2.90 

750 

3.70 

1,662 

4.50 

2,798    ' 

5.30 

3,934 

3.00 

834 

3.80 

1,804 

4.60 

2,940 

1 

5.40 

4,076 

1 

The  above  table  i.s  applicable  only  for  open-channel  conditions.  It  is  based  upon  4  dis- 
charge nieasureinenta  made  during  1903  and  1904.  It  is  well  defined  between  gage  heights 
2.35  feet  and  3.70  feet.  The  table  has  lx»en  extended  beyond  these  limits.  Above  gage 
height  3.70  feet  the  rating  curve  is  a  tangent,  the  difference  being  142  per  tenth. 


BOAS 


AND*"imIk"']         COLUliBIA    RIVER    DRAINAGE    BASIN. 


237 


Estimated  monthly  discharge  of  WaUoum  River  near  Elgin^  Oreg.^for  1903  and  19()J^. 


Month. 


Discharge  in  second-feet. 


Minimum. 

ToUi  in 

Maximum. 

Mean. 

acre-feet. 

1,804 

545 

999 

27,740 

834 

488 
386 

652 

40,090 

606 

501 

30,800 

1,946 

386 

661 

38,020 

3.508 

674 

1,273 

78,270 

3,792 

.         1,137 

2.  431 

144,700 

4,076 

'         1,804 

2,  555 

'       157,  100 

3,792 

2,514 

3,082 

183,  400 

3,508 

926 

2,201 

135,  300 

834 

488 

641 

39,410 

545 

386 

428 

25, 470 

545 

386 

440 

27,050 

435 

386 

388 

23,090 

488 

386 

386 

389 
1,250 

23,920 

4,076 

906,400 

1903. 

November  17-30 

I)ereinl)er 

1904. 

JaniMirv 

F«»bruar}' 

March 

April 

May 

June 

Jiilv 

August 

September 

October 

November 

December 

Tlie  year 


ASOTIN    CREEK    \\    MILES    ABOVE    ASOTIN,  WASH. 

This  station  was  established  March  26,  1904,  by  W.  W.  Schlecht. 
It  is  located  at  the  highway  bridge  about  1}  miles  above  Asotin, 
Wash.,  at  the  power  house  of  the  Lewiston  Water  and  Power  Com- 
pany. A  plain  staflF  gage,  graduated  to  feet  and  tenths,  is  nailed 
vertically  to  the  downstream  face  of  the  left  abutment.  It  is  read 
once  each  day  by  M.  E.  Turner.  Discharge  measurements  are  made 
from  the  side  of  the  single-span  bridge  to  which  the  gage  is  attached. 
The  initial  point  for  soundings  is  a  20-penny  nail  driven  into  the  floor 
of  the  bridge  above  the  mean  edge  of  the  left  abutment,  and  marked 
zero.  The  channel  is  straight  for  about  120  feet  above  and  40  feet 
helow"  the  station,  and  the  current  is  swift.  Both  banks  are  low  and 
liable  to  overflow  during  extreme  high  water.  They  are  both  lined 
with  brush,  the  left  bank  being  covered  with  orchards  and  houses. 
The  bed  of  the  stream  is  composed  of  gravel  and  bowlders,  free  from 
vegetation,  and  fairly  permanent.  There  is  but  one  channel  at  low 
and  two  channels  at  high  stages.  At  low  water  the  current  near  the 
right  bank  may  flow  diagonally  toward  the  center  of  the  stream,  at 
which  times  it  is  advisable  to  make  the  measurements  from  the 
upstream  side  of  the  bridge,  while  during  high  stages  the  water  at  the 
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upstream  side  is  too  swift  and  broken  for  accurate  measurements. 
Bench  mark  No.  1  is  a  20-penny  nail  driven  horizontally  into  the  guy 
pole  for  the  chimney  of  the  Lewiston  Water  and  Power  Company's 
power  house  between  the  power  house  and  the  bridge.  It  is  marked 
''U.  S.  G.  S.  B.  M.''  The  elevation  is  6.44  feet  above  the  zero  of  the 
gage.  Bench  mark  No.  2  is  a  20-penny  nail  driven  vertically  into  the 
stump  of  an  old  telegraph  pole  on  the  south  side  of  the  road  about  100 
feet  from  the  bridge,  marked  ^'U.  S.  G.  S.  B.  M.''  Its  elevation  is 
7.57  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Dincharge  mea^uremeru's  of  Attotin  Creek  \\  mileti  ahmt^  Aftoiin,  Wa«h.,  in  liH)^. 


Date. 


llydrogruplier. 


March  19 W.  W.  Sohlecht  . . . 

April  22 j  W.  G.  St<»ward. . . . 

July  1 do 

August  12 Hulburt  and  Moore 


Width. 


Area  of 


Moan 


28 


sivtion.      vt'lwity.       hoight 


Feel.  Sq.feei.  Ft.pen^er. 

37  '           50  3.79 

51  '           87  7.83 

30  32  1.31 


11 


39 


(Jase 
loignt- 

Dis- 
charp*'. 

Feet. 

Sec. -Jet  t. 

2.47 

\>^ 

3.94 

as5 

2.  52 

42 

2.10 

5 

Mean  dmly  gage  height,  in  feet,  of  Aaotin  Creek  \\  mil^s  above.  Asotin,  Wash.,  for  19ffJ^. 


Day.                 Mar. 
1 

Apr. 
2.60 

2 

2.  .50 

3 

2.60 

4 

2.70 

5 ' 

2.70 

6 

2.90 

7 

2.80 

8 

2.60 

9 

2.80 

10 

2.80 

11 

3.10 

12 

3.20 

13 

3.20 

14 

3.50 

15 

3.60 

16 

17 

4.30 

18 

4.20 

19 

4.10 

20 

4.20 

21 

4.10 

22 

4.00 

23 

3.80 

24 

3.70 

2.') 

3.70 

26 

3.60 

lay. 

Juno 

July. 

Aug. 

Sept. 

Oct. 

Nov 

1><>C. 

3.60 

3.20 

2.50 

2.00 

2.20 

2.20 

2.30 

2..'W 

3.60 

3.20 

2.50 

2.00 

2.20 

2.20 

2.30 

2.30 

3.50 

3.20 

2.90 

1.90 

2.20 

2.20 

2.30 

2  :*> 

3.50 

3.10 

2.70 

1.90 

2.10 

2.20 

2.30 

2.3) 

3.50 

3.10 

2.60 

1.90 

2.10 

2.20 

2.30 

,         2.20 

3.50 

3.20 

2.50 

1.90 

2.10 

2.20 

2.30 

2-20 

3.40 

3.20 

2.40 

2.00 

2.10 

2.30 

2.30 

2.20 

3.40 

3.10 

2.40 

2.00 

2.10 

2.30 

2.30 

,        2.30 

3.40 

3.00 

2.40 

2.10 

2.10 

2.30 

2.30 

1      2.ao 

3.40 

3.00 

2.40 

2.10 

2.10 

2.30 

2.30 

1         2-20 

3.50 

3.00 

2.30 

2.10 

2.10 

2.30 

2.30 

1         2.3) 

3.  .50 

3.00 

2.30 

2.10 

2.10 

2.30 

2.30 

2.ai 

3.50 

2.90 

2.20 

2.10 

2.10 

2.30 

2.30 

2.20 

3.50 

2.90 

2.20 

2.10 

2.20 

2.30 

2.30 

2. 20 

3.60 

2.90 

2.40 

2.10 

2.20 

3.10 

2.30 

2.30 

3.50 

2.90 

2.30 

2.10 

2.20 

2.50 

2.30 

2-30 

3.50 

2.80 

2.30 

2.10 

2.20 

2.30 

2.30 

2-30 

3.60 

2.80 

2.20 

2.10 

2.20 

2.30 

2.30 

2.30 

3.60 

2.80 

2.20 

2.10 

2.20 

2.30 

2.30 

2-;*n 

3.60 

2.80 

2.20 

2.10 

2.20 

2.30 

2.30 

2.30 

3.60 

2.70 

2.20 

2.10 

2.20 

2.30 

2.30 

2.30 

3.70 

2.70 

2.10 

2.10 

2.20 

2.30 

2.30 

2.20 

3.80 

2.60 

2.10 

2.10 

2.20 

2.30 

2.30 

2.30 

3.70 

2.r.o 

2.10 

2.10 

2.20 

2.30 

2.30 

2-30 

3. 60 

2.60 

2.10 

2.10 

2.20 

2.30 

2.30 

2.30 

3.40 

2.60 

2.10 

2.10 

2.30 

2.30 

2.30 

2.30 
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Mean  daily  gage  height ,  in  feeit  of  Asotin  Creek  1\  miles  ahow  Asotin,  Wash.,  for  1904. — 

CoDtiDued. 


Day. 

Mar. 

Apr. 

3.80 
3.90 
3.80 
3.70 

May. 

3.30 
3.30 
3.20 
3.10 
3.10 

June.  , 

2.50 
2.50 
2.50 
2.50 

July. 

2.00 
2.00 
2.00 
2.00 
2.00 

Aug. 

1 

2.10 
2.10 
2.30 
2.20 
2.20  ' 

Sept.   1 

2.30 
2.20 
2.20 
2.20 

1 
1 

Oct. 

2.30 
2.30 
2.30 
2.30 
2.30 

Nov. 

2.30 
2.30 
2.30 
2.30 

Dec. 

27 

2.10 
2.20 
2.70 
2.75 
2.50 

2.20 

28 

2.20 

29 

30 

31 

2.30 
2.60 
2.40 

ASOTIN    CREEK   AT   SHELMAN.S    RANCH,  NEAR   ASQTIN,  WAwSH.   . 

This  station  was  established  March  25,  1904,  by  W.  W.  Schlecht. 
It  is  located  at  wShelman's  ranch,  about  8  miles  above  Asotin,  Wash. 
The  station  is  50  feet  above  the  Jiead-gate  of  Shelman's  irrigation 
ditch.  A  plain  staff  gage,  graduated  to  feet  and  tenths,  is  nailed  to  a 
tree  on  the  left  bank.  It  is  read  once  each  day  by  George  Shelman. 
Discharge  measurements  are  made  by  means  of  a  cable,  car,  and 
tagged  wire.  The  initial  point  for  soundings  is  a  nail  driven  into  a 
hub  below  the  cable  support  on  the  left  bank.  The  tagged  wire  is 
marked  every  5  feet.  The  channel  is  straight  for  about  100  feet  above 
and  below  the  station,  and  the  current  is  swift.  The  right  bank  is  a 
flood  plain  about  350  feet  wide  which  may  be  flooded  at  extreme  high 
water.  The  left  bank  is  a  similar  plain  about  120  feet  wide  which 
overflows  during  high  water.  Both  banks  are  lined  with  trees  and 
brush.  The  bed  of  the  stream  is  composed  of  gravel  and  bowlders, 
free  from  vegetation,  and  fairly  permanent.  There  is  one  channel  at 
ordinary,  and  two  at  extreme  high  stages.  The  bench  mark  is  the  top 
of  a  40-penny  nail  driven  horizontally  into  a  large  wiUow  tree  about  40 
feet  west  of  Shelman's  house,  2  feet  north  of  the  road,  marked  '^U.  S. 
G.  S.  B.  M.''     Its  elevation  is  10.00  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Discharge  measurements  cf  Asotin  Creek  at  Shdman^s  ranch,  near  Asotin,  Wa^h.,  in  1904. 


Date. 


Hydrographer. 


March  25 W.  W.  Schlecht  . . . . 

April  22. W.  G.  Steward 

July  1 do 

August  12 Hulburt  and  Moore. 


Width. 

Feet. 
35 
40 
30 
26 


Area  of 
section. 


Mean  Gage 

velocity.      height. 


Sq.feet. 

Ft. 

per  sec. 

31 

3.61 

70 

i 

6.54 

31 

3.00 

17 

, 

2.31 

Dis- 
charge. 


Feet. 

Sec.-feet. 

2.03 

113 

3.15 

458 

1.79 

92 

1.52 

40 
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Mean  daily  gage  heigJUf  in  feet,  of  Asotin  Creek  at  Shelman*8  raneh,  near  Asotin,  WaA.^ 

for  1904. 


Day. 

Mar. 

Apr. 

May. 

June. 

2.60 
2.50 
2.55 
2.50 
2.45 
2.60 
2.50 
2.40 
2.35 
2.35 
2.20 
2.10 
2.06 
2.05 
2.a5 
2.05 
2.05 
2.05 
2.05 
2.00 
1.95 
1.96 
1.90 
1.85 
1.82 
1.80 
1.80 
1.78 
1.78 
1.75 

July. 

1.78 
1.80 
1.92 
1.95 
1.90 
1.80 
1.79 
1.81 
1.75 
1.75 
1.70 
1.70 
1.64 
1.68 
1.72 
1.72 
1.70 
1.69 
1.66 
1.66 
1.66 
1.66 
1.61 
1.61 
1.60 
1.59 
1.59 
1.58 
1.68 
1.67 
1.57 

Aug. 

Sept. 

1 

2.32 
2.40 
2.50 
2.  .55 
2.72 
2.75 
2.65 
2.60 
2.68 
3.10 
3.45 
3.62 
3.80 
4.05 
4.30 
3.80 
3.35 
3.25 
3.25 
3.35 
3.35 
3.20 
2.95 
2.68 
2.60 
2.65 
2.90 
3.00 
2.90 
2.60 

2.60 
2.60 
2.50 
2.50 
2.50 
2.50 
2.40 
2.40 
2.40 
2.45 
2.50 
2.50 
2.50 
2.60 
2.60 
2.60 
2.60 
2.70 
2.70 
2.70 
2.70 
2.90 
3.00 
3.00 
2.75 
2.60 
2.60 
2.50 
2.50 
2.50 
2.50 

1.56 
1.54 
1.64 
1.54 
1.64 
1.64 
1.64 
1.53 
1.53 
1.55 
1.55 
1.5* 
1.56 
1.65 
1.56 
1.65 
1.65 
1.55 
1.55 
1.56 
1.65 
1.65 
1.56 
1.65 
1.54 
1.64 
1.56 
1.57 
1.60 
1.68 

1.66 

1 

1.56 

2 

1.65 

3 

1.65 

4 

1.55 

5 

1.64 

6 

1.54 

7 

1.63 

8 

1.53 

9 

1.53 

10 

1.53 

11 

1..53 

12 

1.53 

13 

1.53 

14 

1.53 

15 

1  53 

16 

1.53 

17 

1.63 

18 

1.63 

19 

1.53 

20 

1.63 

21 

22 

23: 

2.25 
2.25 
2.20 
2.10 
2.  a") 
2.00 
1.95 
1.95 
2.15 
2.30 
2.30 

1.53 
1.53 
1.66 

24 

1.62 

25 

1.60 

26 

27 

1.66 
1.58 

28 

1.58 

29 

1.56 

30 

1.65 

31 

Oct. 


Nov. 


1.66  I        1..V) 

1.65  1..V) 
1.55  l.M 
1.55           l.:»5 

1.55  '  l.w 
1.58  ,         I  .V) 

1.58  '         I..S'> 

1.59  I  I  .V) 
1.50  1  \=) 

1.56  '  I.V. 
1.56  '  i.:^ 
I.5#»  I.V. 
I.-Vj  I.V. 
1.56  1  Vi 
1.79  IV) 
l.fit)            1..V. 

1.60  1..V) 
1.60  1  V, 
1.60           l..V> 

1.56    

1.56    

1.66    

1.56    

1.55    

1.55    

1.55    

1.55    

1.55    

1-55    

1.55    

1.55    


PALOUSE   RIVER   AT   ELBERTON,  WASH. 

This  station  was  established  May  6,  1904,  by  W.  G.  wSteward.  It  is 
located  at  the  highway  bridge  about  one-half  mile  above  the  depot 
in  the  town  of  Elberton,  Wash.  A  plain  staff  gage,  graduated  to 
feet  and  tenths,  is  nailed  vertically  to  the  south  end  of  the  face  of  the 
left  abutment  of  the  bridge.  It  is  read  once  each  day  by  W.  B.  Peo- 
ples. Discharge  measurements  are  made  for  the  west  channel  from 
the  upstream  side  of  the  bridge.  For  the  east  channel,  measurements 
are  made  from  the  downstream  side  of  the  bridge.  Sounding  points 
are  painted  on  the  guard  rails.  The  initial  point  for  the  west  chan- 
nel is  a  point  on  the  guard  rail  immediately  above  the  face  of  the 
left  abutment.  The  initial  point  for  the  east  channel  is  the  left 
end  of  the  downstream  hand  rail.  Both  initial  points  are  markeil 
zero  with  nails  and  black  paint.  The  west  channel  is  straight  for 
about  1,500  feet  above  and  below  the  station.  The  current  is 
swift.     The  aast  channel  leaves  the  main  or  west  channel  about 
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150  feet  above  the  station  ancj  makes  a  reverse  curve  striking  the 
bridge  at  an  angle  of  about  30°.  The  east,  channel  is  straight  for 
300  feet  below  and  curved  above  the  station.  At  high  water  the 
current  is  swift;  at  low  water  there  is  no  flow  in  this  channel.  The 
right  bank  is  liigh  and  not  liable  to  overflow  except  in  case  of  extreme 
high  water,  in  which  case  the  town  would  be  flooded.  The  left  bank 
is  low,  and  overflows  during  high  water  along  the  roadway  to  the  east 
of  the  east  channel.  The  bed  of  the  stream  is  composed  of  rock  and 
gravel,  free  from  vegetation,  and  shifting.  All  the  water  flows  in  the 
one  channel  at  low  and  two  channels  at  high  stages.  Bench  mark  No. 
1  is  a  20-penny  nail  in  a  large  wliite  post  on  the  south  side  of  the 
railroad  track  about  one-fourth  mile  east  of  the  depot.  Its  eleva- 
tion is  2,198.05  feet  above  sea  level,  and  5.80  feet  above  the  zero  of 
the  gage.  Bench  mark  No.  2  is  a  square  black  paint  mark  on  the 
southeast  window  sill  of  the  hotel.  Its  elevation  is  2,203.91  feet 
«bove  sea  level,  and  11.66  feet  above  the  zero  of  the  gage.  Bench 
mark  No.  3  is  the  head  of  a  rivet  in  the  base  of  the  bridge  truss  at 
the  southwest  comer  of  the  bridge,  painted  "U.  S.  G.  .S.''  on  the 
plate.  Its  elevation  is  2,206.01  feet  above  sea  level,  and  13.76  feet 
above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Discharge  mea^uremenU  ofPaUmse  River  at  Etbertanj  Wash.j  in  1904' 


Date. 


Hydrographer. 


Width. 


Area  of 
section. 


Mean 
velocity. 


Gage 
leiffht. 


heigl 


May  6. 


Feet. 
W.G.  Steward i     110 


8q.  feet.    Ft.  per  sec. 


May  18 do. 

June  22 do. 

i 

July  15  « do. 

August  30 '' do. 


76 
52 
49 
14 
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180 

52 

49 

8 


2.68 
2.15 
1.23 
1.07 
.85 


Feet. 
3.35 
2.58 
1.56 
1.44 
.88 


\ 


Dis- 
charge. 


Sec-feet. 
664 

384 

64 

53 

7 


a  Made  at  different  sections. 


Mean  daily  gage  height^  in  feet  j  ofPahuse  Rh)er  at  ElbertoUf  W ash.  j  for  190^. 


Day. 

May. 

1 

1 

2 ' 

3 ' 

4 

e 

j      3.30 

7 

a3.30 

8 

a3.20 

9 

'  a3.20 

2.00 
2.00 
2.30 
2.40 
2.30 
2.20 
2.30 
2.60 
2.30 


July.       Aug.      Sept 


I 


1.60 
1.80 
1.90 
1.60 
1.10 
1.30 
1.20 
1.50 
1.20 


1.10 
1.20 
1.00 
1.00 
1.00 
0.90 
1.10 
1.00 
1.00 


ept. 

Oct. 

0.90 

0.90 

.90 

1.00 

1.00 

1.00 

1.00 

.90 

.90 

.90 

.90 

1.00 

1.00 

1.00 

1.00 

1.10 

1.10 

1.10 

Nov. 

Dec. 

1.20 

1.40 

1.30 

1.40 

1.30 

1. 10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.20 

1.20 

1.20 

1.20 

1.20 

1.10 

1.20 

IKK  136— Os- 


lo 


a  Interpolated. 
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Mean  daily  gage  height,  in  feet,  of  Palouse  River  at  Elherton,  Wash.,  for  190^ — Continued. 


Day. 

1 

1 
May.      June. 

"3.10        2.20 

'  July. 
1.10 

Aug. 

Sept. 

Oct.  ! 

1- 

1.00  . 

Nov.       Dec. 

10 

1.00         1.10 

1.00           1.20 

11 

••■■••••■•( 

a3.00         2.20 

1.40 

.90         1.00  1 

1.00  j 

1.00.         1.10 

12 

a  3.00         2.20 

1      1.30 

.90         1.00 

1.10 

1.00           1.10 

13 

1 

2.90         2.00 

1.30 

.80         1.00  ' 

1.10  ' 

1.00            1.10 

14 

2.80  1      2.00 

1.30 

.80           .90  ' 

1.10 

1.00            1.30 

15 

2.70         1.90 

1.40 

.80          .90 

1.30 

1 

1.00            1.20 

16 

2.70         1.90 

1      1.40 

.90  1        .90 

1.30  ' 

1.00  <          1  211 

17 

2.70  1       1.80 

1      1.40 

.80  ,        .90 

1.20  ' 

1.00  1         1. 3) 

18 

2.60         1.70 

1.30 

.80  1        .90  , 

1.30 

1.00            l..«l 

19 

1 

2.60         1.70 

1.50 

.80           .90 

1.20, 

0.90            1.40 

20 

2.60         1.80 

1.50 

.80       .90  ; 

1 

1.00 

1.00  '          1.50 

21 

1 

2.50         1.60 

1.60 

.80  ;        .80 

1.30  ' 

1.20            l.U\ 

22 

2.50         1.60 

1.40         1.00  1        .90 

1.20 

1.00  '          l.fiU 

23 

2.40         1.60 

1.20         1.00         1.00  ; 

1.20 

1.00            KhO 

24 

1 

2.40  '       1.60 

1.20 

.70  1        .90 

1.40 

1.70  1          l.n) 

25 

2.30 

1.60 

1.20 

.70           .90 

1.30 

1.80  '          1.71) 

26 

1 

2.30 

1.60 

1.10 

.90          .90 

1. 00 

1.70          i.sri 

27 

•■•""■••■"i 

2.20         1.50 

1.00 

.80  i        .90 

1.00 

1.00  I          1.70 

28.... 

2.10  '       1.40 

1.00 

.80          .90  ' 

1.00 

1.50  1          1.70 

29 

2.0O 

1.50 

1.20 

1.00          .80  1 

1.00  , 

1.30            1.70 

30 

1 

2.00         1.50 

1.20 

.90 

.80  1 

1.30 

1.50  1          1.70 

31 

2.00 

I.IO 

.90 

1 

1.30  '. 

1 

l.Tt) 

"  Interp< 

1 

jiated. 

Rafing  i 

able  for  Pak 
Discharge. 

}use  River 

0/  Elherton,  1 

Discharge. 
Second-feet.  ' 

V ash.,  from  May  6  to  j 

December 

Gage 
height. 

31,  1904. 

Gaee 
heignt. 

1     Oage 
1    height. 

Gage 
height. 

1 
1 
Discharge. 

f 

Discharge. 

Feet. 

Second-feet. 

Feet. 

1 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.70 

2 

'     1.60 

76      ' 

2.50 

353     1 

3.30 

649 

.80 

5 

1.70 

94     1 

2.60 

390 

3.40 

686 

.90 

9 

1     1.80 

115     , 

2.70 

427    ', 

3.50 

723 

1.00 

14 

1.90 

140     |l 

2.80 

464 

3.60 

760 

1.10 

21 

2.00 

169    , 

2.90 

SOI 

3.70 

797 

1.20 

29 

2.10 

205 

3.00 

538 

3.80 

834 

1.30 

38 

2.20 

242 

3.10 

575    1 

3.90 

871 

1.40 

49 

2.30 

279 

3.20 

612     1 

4.00 

90S 

1.50 

62 

1    2.40 

316 

1 

1 

1 1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  5  dis«- 
charge  measurements  made  during  1904.  It  is  well  defined  between  gage  heights  0.80  foot 
and  3.40  feet.  The  table  has  been  extended  beyond  these  limits.  Above  gage  height  2.10 
feet  the  rating  curve  is  a  tangent,  the  difference  being  37  per  tenth. 
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t^stiutated  monthly  discharge  of  Palouse  River  at  Elherton^  Wash.,  for  19()4 


May  6-31 '^ 

June 

July 

August... ., 
Septeml)er. 

October 

November. , 
Decern  l)er. . 


Month. 


Di8chan;e  ia  secoad-fe^t. 
Maximum.     Minimum.         Mean. 

Total  In 
acre-feet. 

330 

200 

402 

24,720 

316 

62 

162 

9,640 

140 

14 

45.6 

2,800 

29 

5 

10.1 

621 

21 

5' 

10.7 

637 

49 

9 

23.1 

1,420 

115 

9 

31.1 

1,850 

115 

21 

54.4 

3,  340 

The  |>eriud. 


45,030 


a  Discharge  May  7-12  interpolated. 


PALOUSE   RIVER   AT   HOOPER,  WASH. 

The  headwater  tributaries  of  this  river  have  their  soyrces  in  western 
Idaho.  After  reaching  Washington  they  unite  to  form  Palouse 
River,  which  has  a  general  southwesterly  direction,  flowing  through 
a  rolling  country.  Six  miles  below  Hooper,  Wash.,  the  river  bends 
suddenly  southward  and  enters  its  canyon,  through  which  it  con- 
tinues until  its  junction  with  Snake  River.  For  some  distance  above 
Hooper  the  river  consists  of  a  succession  of  deep  pools,  from  10  to 
15  feet  in  depth,  connected  by  short  riffles.  Its  valley  is  about  one- 
half  mile  in  width  and  bordered  with  basaltic  cliffs  approximately 
300  feet  in  height.  A  short  distance  above  the  mouth  of  the  river 
are  the  Palouse  Falls,  which  are  approximately  180  feet  in  height. 

The  measurements  of  Palouse  River  are  of  value  in  showing  the 
amount  of  water  that  could  be  utilized  for  irrigation  on  the  lands  of 
Washtucna  Valley  and  in  the  section  north  of  Pasco. 

The  gaging  station  is  located  at  Hooper,  Wash.  Gage  No.  1  was 
estabhshed  April  1,  1897,  by  the  land  department  of  the  Northern 
Pacific  Railroad.  On  September  9,  1897,  C.  C.  Babb  took  charge 
of  the  station  for  the  United  States  Geological  Survey,  and  placed 
gage  No.  2  a  mile  below  the  former  location  and  opposite  the  water 
tank,  and  stretching  a  cable  across  the  river  for  discharge  measure- 
ments. The  rod  was  inclined,  fastened  to  posts  driven  into  the  right 
bank.  The  bench  mark  was  a  point  of  rock,  marked  with  red  paint, 
on  a  ledge  on  the  left  bank  of  the  river  opposite  the  gage  and  its  ele- 
vation was  7.60  feet  above  datum.  W^hen  the  new  gage  read  2.1 
feet  the  height  on  the  Northern  Pacific  Railroad  gage  was  6.1  feet. 
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A  wire  gage,  No.  3,  was  established  about  20  feet  above  the  cable 
by  Sydney  Arnold  in  1903,  the  datum  remaining  the  same  as  for  gage 
No.  2.  The  gage  was  repaired  and  checked  from  the  original  bench 
mark  August  26,  1903.  At  this  time  it  was  discovered  that  the 
observer  was  reporting  readings  0.85  too  low,  and  the  daily  gage 
readings  were  adjusted  back  to  November  9,  1900,  the  most  prob- 
able date  of  error.  During  the  high  spring  floods  of  1904,  gage  No. 
3  was  washed  away  and  a  new  gage,  No.  4,  was  established,  the  same 
datum  being  used  as  was  used  for  gages  Nos.  2  and  3.  From  1 .3  to  10 
feet  the  rod  is  inclined,  and  from  10  to  14.2  feet  it  is  vertical.  This 
rod  is  firmly  fastened  to  the  bank,  graduated  to  feet  and  tenths, 
and  painted  with  white  paint.  Gage  No.  4  is  the  one  now  in  use. 
The  gage  is  read  once  each  day  by  Frank  Hill,  a  rancher  living  near 
the  station.  Discharge  measurements  are  made  by  means  of  a  cable, 
car,  tagged  wire,  and  stay  wire.  The  stay  >\ire  is  located  about  60 
feet  upstream  from  the  cable.  The  initial  point  for  soundings  is  the 
cable  post  on  the  left  bank.  The  channel  is  straight  for  200  feet  above 
and  for  one-fourth  of  a  mile  below  the  cable.  The  current  is  swift. 
The  left  bank  is  high  and  can  not  overflow.  The  right  bank  over- 
flows during  high  stages  of  the  river.  Both  banks  are  covered  with 
brush.  The  bed  of  the  stream  is  rocky  and  free  from  vegetation. 
Bowlders  in  the  bed  of  the  stream  make  it  difficult  to  obtain  accurate 
results  at  this  point  at  low  water.  There  is  but  one  channel  at  all 
stages.  Bench  mark  No.  1  is  the  original  bench  mark  established 
by  C.  C.  Babb.  It  is  the  highest  point  on  a  ledge  of  rock  on  the  lefi 
bank  200  feet  below  the  cable,  directly  opposite  the  point  at  which 
the  inclined  gage  was  located.  It  is  painted  black.  Its  elevation 
is  7.60  feet  above  gage  datum.  Bench  mark  No.  2  is  the  top  of  a 
large  rock  on  the  right  bank  250  feet  west  of  the  cable  post  and  1 15 
feet  from  the  water's  edge.  Its  elevation  is  10.88  feet  above  gage 
datum. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 
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Disdutrge  measurements  ofPahuse  Rh^er  at  Hooper ^  Wa^.f  in  190 J^. 


Date. 


Uydrographer. 


WMth     Area  of 
widtn.    action 


January  15 C.  B.  Cox... 

January  16 do 

January  19 1 do 

January  21 do 

Febiuary  26 G.  H.  Bliss . 

February  27 G.  F.  Harley 

February  29 do 

March  1 do 

March  4 do 

March  6 do 

March  8 do 

March  8 do 

March  10 do 

March  10 do 

April  1 do 

April  1 do 

April  2 ! do 

April  2 

April  13 

April  13 

June  1 

July  15 

August  4 

August  30 


....do 

W.  G.  Steward. 

....do 

....do 

....do 

....do 

....do 


Feet. 
92 

97 

95 

88 

106 

108 

106 

107 

101 

104 

213 

216 

253 

237 

110 

110 

110 

110 

183 

183 

79 

72 

M 

39 


Sq./eet. 

305 

352 

332 

258 

515 

554 

489 

473 

395 

427 

1,068 

1,071 

1,939 

1,647 

715 

715 

665 

654 

939 

939 

165 

99 

36 

22 


Mean 

velocity. 


Ft.  per  nee. 
2.34 

2.97 
2.60 
2.\)0 
4.00 
4.37 
4.01 
3.78 
3.32 
3.44 
5.52 
5.99 
6.75 
5.87 
5.10 
5.24 
4.75 
4.91 
5.35 
5.18 
1.50 

.86 
1.00 

.76 


Qase     '      Dla- 
heignt.       charge. 


FeH, 
4.00 
4.65 
4.32 
3.43 
6.  15 
6.57 
6.00 
5.74 
5.08 
5.32 
9.85 
10.40 
13.50 
12.35 
7.93 
7.92 
7.44 
7.38 
9.06 
9.03 
2.50 
1.48 
1.10 
.80 


Sec-feet. 

715 
1,043 

862 

496 
2,050 
2,420 
1,965 
1,790 
1,310 
1,470 
5,900 
6,410 
13,080 
9,670 
3,647 
3,750 
3,156 
3,210 
5,020 
4,966 

257 
86 
36 
17 


Mean  daily  gage  height^  in  feet,  ofPahuse  River  at  Hooper,  W  ash.  ^  for  1904. 


Day. 


Jan.     Feb.     Mar.  !  Apr.  '  May.    June.    July.  ,  Aug.     Sept.     Oct.     Nov. 


1. 
2. 
3. 
4. 
5. 
6. 


8. 

9. 
10. 
II. 
12. 
l.'J. 
14. 
15. 


2.10 

2.70 

2.10 

2.60 

2.00 

2.65 

2.00 

2.65 

2.10 

2.75 

2.10 

3.00 

2.05 

3.15 

2.00 

3.00 

2.06 

2.90 

2.15 

2.75 

2.55 

2.80 

2.25 

3.20 

2.70 

3.10 

3.60 

3.10 

3.85 

3. 20 

5.90 

5.  SO 

5. 15 

5.00 

5.00 

5.25 

6.35 

9.70 

14.75 

13.60 

12.25 

10.80 

9.20 

8.40 

8.30 


8.20 
7.50 
7.15 
7.25 
7.60 
7.50 
7.60 
7.70 
7.35 
6.90 
7.05 
7.60 
8.90 
9.25 
9.40 


5.70 
5.60 
5.10 
4.85 
4-70 
4.45 
4.40 
4.30 
4.20 
4.05 
3.90 
3.95 
3.95 
3.90 
3.60 


2.50 
2.50 
2.60 
2.95 
3.30 
3.10 
2.95 
3.20 
3.35 
3.15 
2.95 
2.80 
2.70 
2.55 
2.50 


1.60 
1.70 
1.65 
1.70 
1.70 
2.00 
1.70 
1.60 
1.60 
1.85 
1.65 
1.55 
1.45 
1.40 
1.40 


1. 10 

1.10 

1.10 

1.10 

1.10 

l.a5 

1.05 

1.00 

1.00 

1.00 

.95 

.95 

.95 

.95 

.95 


I 


0.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.75 
.75 
.75 
.75 
.75 
.75 
.80 


0.85 
.85 
.85 
.85 
.85 
.85 
.85 
.85 
.90 
.90 
.90 
.95 
.95 
.95 

1.00 


1.00 
1.00 
1.00 
1.10 
1.10 
1.05 
1.05 
1.05 
1.10 
1.10 
1.05 
1.10 
1.10 
1.10 
1.10 


Dec. 

1.30 
1.30 
1.35 
1.25 
1.25 
1.25 
1.20 
1.15 
1.10 
1.20 
1.20 
1.30 
1.30 
1.30 
1.35 
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Mean  daily  gage  height,  in  feet,  ofPalouse  River  at  Hooper,  Wash.,  for  1904 — Continued. 


Day. 


l«. 

17- 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
2fi. 
27. 
28. 
29. 
30. 
31. 


Jan. 

Feb. 
3.85 

Mar. 
8.45 

Apr. 
9.60 

May. 
3.55 

June. 

July. 
1.50 

Aug. 
.95 

1 

Sept. 

1 

.80' 

Oct. 
1.00 

Nov. 
1. 10 

Dec. 

4.70 

2.40 

I.4.> 

4.40 

4.10 

8.25 

9.90 

3.50 

2.30 

1.45 

.90 

.80  ' 

1.00 

1. 10 

I.A5 

4.60 

4.70 

7.95 

10.30 

3.45 

2.20 

1.45 

.90 

.80 

1.00 

i.a5 

1  ^.^ 

4.35 

4.55 

8.30 

8.30 

3.40 

2.15 

1.45 

'       .90 

.80 

l.IO 

i.a5 

i.r. 

3.85 

4.55 

8.40 

7.25 

3.35 

2.10 

1.35 

.85  j 

.80 

l.ft'> 

1.10 

1.45 

3.50 

4.30 

8.30 

7.15 

3.a'> 

2.a5 

1.35 

.8.5' 

.85  , 

1. 10 

1.15 

1  ir^ 

3.30 

4.26 

8.85 

7. 10 

3.30 

2.00 

1.35 

.85 

.85 

1.10 

1.15 

I.:.') 

3.30 

4.50 

7.90 

7.00 

3.20 

2.00 

1.35 

.85  , 

.85 

1.10 

1.30 

1..V1 

3.40 

6.00 

7.55 

6.70 

3.10 

1.90 

1.25 

.85 

.85, 

1.10 

1.20 

1.55 

3.25 

5.95 

6.90 

6.30 

3.00 

1.90 

1.25 

.85  1 

.85 

LOT} 

1.30 

1.41J 

3.05 

6.20 

6.85 

6.70 

2.90 

1.85 

1.20 

.80 

.85  ' 

1.10 

1.30 

i.i') 

2.90 

6.35 

6.35 

5.35 

2.90 

1.80 

1.20 

..sol 

.8,5 

1.10 

1.-2.5 

i..t.> 

2.85 

6.60 

6.25 

5.20 

2.80 

1.80 

1.15 

.80  1 

.8.5 

1.10 

1.35 

!.♦» 

2.90 

6.30 

6.65  ' 

5.45 

2.70 

1.90 

1.15 

.80  ' 

.85  1 

1.10 

1.40 

i.jt 

2.85 

6.95  1 

5.70 

2.55 

1.75 

1.15 

.80  ' 

.8.5, 

1. 10 

1.30 

l.S> 

2.80 

8.80 

2.50 

1.15 

.80  ' 

i 

i.a'i 

l.:w 

Rating  table  for  Palouse  Rimr  at  Hooper,  Wash.,  from  January  1,  l9(Ki,  to  December  SI 

1904. 


Gage 
heiglit. 

Discharge. 

Gage 
height. 

Discharge." 

i 

(iHge 
heiglit. 

Discharge. 

Gage 
1     heignt. 

Disoharp'. 

1 

Frf*. 

Second-feet. 

Feet. 

1  Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second- ff  t : 

0.60 

10 

2.30 

215 

4.00 

i            715 

7.50 

3.  270 

.70 

13 

2.40 

236 

4.20 

805 

1 

8.00 

3,  780 

.80 

1              17 

2.50 

259  , 

4.40 

900 

8.50 

4,330 

.90 

1              22 

2.60 

283 

4.60 

1,015 

9.00 

4,880 

1.00 

28 

2.70 

307 

4.80 

1         1,  135 

9.  .50 

5,470 

1.10 

36 

2.80 

331 

5.00 

1,265 

10.00 

6,080 

1.20 

46 

2.90 

355   ' 

5.20 

1,400 

10.  50 

6.730 

1.30 

57 

3.00 

380   1 

5.40 

1,540 

11.00 

7,  550 

1.40 

69 

3.10 

405 

5.60 

'         1.680 

11.50 

8,500 

1.50 

82 

3.20 

430 

5.80 

'         1,820 

12.00 

9,  sa) 

1.60 

96 

3.30 

457    1 

6.00 

1,965 

12.50 

'     10, 650 

1.70 

110 

1 

3.40 

486    1 

6.20 

2,120 

13.00 
1 

13.  50 

11,880 

1.80 

125   , 

3.50 

517    , 

6.40 

2,280 

13,  IS<) 

1.90 

141    i 

3.60 

551 

6.60 

2,  440 

14. 00 

14,  4SI) 

2.(X) 

1.58   I 

3.70 

,588  II 

6.80 

2, 620 

,     15.  (K) 

17,  OSO 

2.10 

176 

3.80 

628 

1 

7.(X) 

2,  800 

16.  (Kl 

i9.aso 

2.20 

195 

3.  90 

670  1 

Tho  alK)ve  tabic  is  applicable  only  for  open-t^hannel  conditions.  It  is  ba.scd  upon  HI 
discharj^c  inoiusurcments  made  during  19(X3  and  1904.  It  ia  well  defined  l)etwoen  pip* 
height.s  0.80  fool  and  13.50  feet.  The  table  ha.s  l)een  extended  lieyond  these  liniit.s.  Alx»v»» 
gage  height  12.90  feet  the  rating  curve  ia  a  tangent,  the  dilTei-ence  being  260  per  tenih. 
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Estimated  monthly  discharge  ofPalouse  River  at  Hooper ^  W ash.  ^  for  1904- 

[Drainage  area,  2,210  square  miles.] 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year. 


1           Discharge  in  second-feet. 

1                                     % 

ToUl  in 
acre-feet. 

Run- 

Second-feet 

per  square 

mile. 

off. 

! 

Maximum. 

Minimum. 

Mean. 

Depth  in 
inches. 

1,075 

158 

409 

25,150 

0.185 

0.213 

2,440 

283 

873 

50,220 

.395 

.426 

16,430 

1,265 

4,305 

264,700 

1.95 

2.25 

6, 470 

1,400 

3,  351 

199,400 

1.52 

1.70  , 

1,750 

259 

678 

41,690 

.307 

.354 

471 

117 

258 

15,  350 

.117 

.130 

158 

41 

78.8 

4,845 

.036 

.042 

36 

17 

24.5 

1,506; 

.011 

.013 

19 

15 

17.3 

1,029 

.0078 

.0087 

36 

19 

27.8 

1,709 

.013 

.015 

69 

28 

39.6 

2,356 

.018 

.020 

117 

36 
15 

63.0 
•   844 

3,874 
611,800 

.029 
.382 

.033 

16,430 

5.20 

ROCK   CREEK   NEAR   ST.  JOHN,  WASH. 

This  station  was  established  October  15,  1903,  by  G.  H.  Bhss.  It 
is  located  at  the  highway  bridge  which  crosses  Rock  Creek  at  the 
outlet  of  Rock  Lake,  three-fourths  of  a  mile  from  the  ranch  of  the 
observer,  C.  K.  Reimer.  It  is  9  miles  northeast  of  St.  John,  Whit- 
man County,  Wash.  The  gage  is  a  vertical  rod  fastened  to  the  fifth 
pile  bent  of  the  southeast  or  left-bank  approach.  At  high  stages 
discharge  measurements  are  made  from  the  downstream  side  of  the 
highway  bridge,  to  which  the  gage  is  attached.  At  low  stages  they 
are  made  by  wading  below  the  bridge.  The  bridge  is  supported  by 
pile  bents  and  has  a  total  span  of  210  feet.  The  initial  point  for 
soundings  is  the  end  post  of  the  downstream  hand  rail.  The  channel 
is  straight  for  200  feet  above  and  for  75  feet  below  the  station.  The 
current  is  sluggish  at  the  bridge  at  low  stages.  Both  banks  are  low 
and  rocky  and  liable  to  overflow  at  flood  stages.  The  bed  of  the 
stream  is  covered  with  rocks  and  gravel  and  is  liable  to  shift  at  flood 
stages.  Bench  mark  No.  1  is  a  spike  driven  into  tlie  downstream 
side  of  the  top  of  the  sill  of  the  third  pile  bent  from  the  southeast 
or  left-bank  approach.  Its  elevation  is  12.52  feet  above  the  zero  of 
the  gage.  Bench  mark  No.  2  is  the  top  of  a  large  rock  on  a  point  of 
rocks  on  the  southeast  side  of  the  lake  about  3,000  feet  above  the 
outlet.     Its  elevation  is  16.70  feet  above  the  zero  of  the  gage. 
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[NO.  135. 


The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Discharge  meaauremerUs  of  Rock  Creek  near  St.  John,  Wash.,  in  1904. 


Date. 


Hydrographer. 


January  29 G.  H.  Bliss 

I  obruary  29  «  .J do 

March  11 do 

Marc.h  13 do , 

Aprils W.G.  Steward 

May  17 do 

June  24 | do 

August  29 1  T.  A.  Noble..., 


iVldth. 

Area  of 
section. 

Sq.feel. 

1 

Mean 
velocity. 

'                    1 

Gage 
height. 

Dis- 
charge. 

Feet. 

FLTpersec.^ 

Pert. 

Sec.-ft€t. 

70 

38 

2.98  ! 

11.99 

112 

102 

159 

3.16 

13.84 

302 

181 

833 

1.86 

14.95 

1,549 

179 

784 

1.52 

14.40 

1,190 

177 

478 

'        1.04 

13.20 

502 

64 

39 

'        2. 59 

11.55 

100 

46 

30 

1        1.24  , 

10.96 

37 

3 

0.9 

'        0.57 

1 

10.20 

0.5 

u  From  boat  2  miles  below  station. 


Mean  daily  gage  height,  in  feet,  of  Rock  Creek  near  St.  John,  Wash.,  for  1904. 


Day.           I  Jan. 

I 

1 11.00 

2 1  11.00 

3 11.00 

4 11.00 

5 11.00 

B '  11.00 

7 11.00 

8 11.00 

9 '  11.00 

10 11.05 

11 11.05 

12 1  11.10 

13 11.15 

14. 11.26 

15 11.40 

16 ;  11.60 

17 11.80 

18 '  11.95 

19 1  12.10 

20 12.15 

21 j  12.15 

22 !  1?.10 

23 12.10 

24 '  12.10 

25 1  12.10 

28 12.05 

27 '  12.00 

28 1  12.00 

29 '  12.00 

30 1  11.95 

31 •  11.90 


Feb. 


11.90 
11.90 
11.90 
11.90 
11.90 
11.90 
11.90 
11.90 
11.90 
11.90 
11.90 
11.90 
11.90 
11.90 
11.95 
12.00 
12.10 
12.20 
12.30 
12.45 
12.50 
12.55 
12.60 
12.85 
13.10 
13.30 
13.50 
13.80 
13.80 


Mar. 

13.80  ' 

13.75  I 

13.60 

13.80  ' 

13.50  I 

13.55 

14.00  i 

15.20 

15.60 

15.40 

15.00 

14.70 

14.60 

14.45 

14.25 

14.10 

14.00 

13.85 

13.85 

13.90 

13.90 

13.90 

13.80 

I  13.75 
13.70 
13.60 

I  13.50 
13.40 

I  13.35 
13.50 
13.60 


June.  ,  July. 


13.60 
13.50 
13.40 
13.30 
13.20 
13. 10 
13.10 
13.05 
12.95 
12.85 
12.80 
12.75 
12.70 
12.65 
12.60 
12.50 
12.55 
12.60 
12.55 
12.50 
12.50 
12.45 
12.40 
12.;J6 
12.30 
12.30 
12.25 
12.20 
12.10 
12.10 


2.10 
2.05 
2.00 
2.00 
1.95 
1.95 
1.90 
1.90 
1.85 
1.85 
1.80 
1.75 
1.70 
1.65 
1.60 
1.60 
1.55 
1.50 
1.50 
1.50 
1.45 
1.40 
1.40 
1.40 
1.35 
1.35 
1.30 

i.;jo 

1.30 
1.30 
1.25 


11.20 

11.20 

11.25 

11.25 

11.25 

11.25 

11.25 

11.25 

11.25 

11.20 

11.20 

11.20 

11.15 

11.10 

11.10 

11.10 

11.10 

11.10 

11.10 

11.10 

11.05 

11.00 

11.00 

11.00 

10.95 

10.95 

10.90 

10.85  ' 

10.85  I 

10.85  ' 


10.80 

10.80 

10.80 

10.80 

10.80 

10.80 

10.80 

10.80 

10.80 

10.80 

10.80 

10.80 

10.80 

10.75 

10.75 

10.70 

10.70 

10.65 

10.65 

10.60 

10.60 

10.60 

10.60 

10.60  ! 

10.60  I 

10.55 

10.55  { 

10.55  ' 

10.55  ' 

10.50  j 

10.50 


Aug. 

10.50 

10.50 

10.50 

10.45 

10.45 

10.40 

10.40 

10.40 

10.40 

10.40 

10.40 

10.40 

10.40 

10.40 

10.40 

10.40 

10.35 

10.35 

10.35 

10.30 

10.30 

10.30 

10.30 

10.30 

10.25 

10.25 

10.20 

10.20 

10.20  I 

10.20 

10.20  ' 


Sept.  I   Oct.  I  Nov.  1   Dec. 


I 


10. 15 
10.15 
10.15 
10.15 
10.15 
10.15 
10.15 
10.10 
10.10 
10.10 
10.10 
10.10 
10.10 
10.' 10 
10.10 
10.10 
10.05 
10.05 
10.05 
10.05 
10.05 
10.05 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 


I 


10.00  j 
10.00  i 
10.00 
10.00  I 

f 

10.00  I 

10.00 

10.00  ' 

10.00  I 

10.00  , 

10.05 

10.05 

10.00  I 

10.00 

10.00  ' 

10.00  I 

10.00 

10.00 

10.00 

10.00  \ 

10.00  I 

10.00 

10.00 

10.00 

10.00 

10.05 

10.05 

10.  a*) 
10.  as 

10.05 
10.05 
10.06 


10.05 

10.05 

10.05 

10.05 

10.05 

10.05 

10.05 

10.06 

10.05 

10.05 

10.05 

10.05 

10.05 

10.05 

10.05 

10.05 

10.05 

10.05 

10.05 

10.05 

10.05 

10.05 

10.06 

10.05 

10.05 

10.06 

10.05 

10.05 

10.10 

10.10 


10.10 
10. 10 
10-10 
10.10 
10.10 
10.10 
10. 16 
10. 15 

10.  i:> 
10.  ai 

1Q.20 
10.20 
10.30 
10.20 
10.30 
10.25 
10.30 
10.30 
10.30 
10.90 
10.  iS 

10. 4() 
10.40 
10.40 
10.40 
10.10 
10.40 
10-  45 
10.50 
10.50 


""S^nml"'"]        COLUMBIA   RIVER   DRAINAGE   BASIN. 


249 


Rating  table  for  Rock  Creek  near  St,  John,  Wash.,  from  October  16,  19(13,  to  December  SI, 

190^. 


Gage 
'   height. 

Discharge. 

Gage 
height. 

Discharge. 
Seeondrfeet. 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Feet. 

1 

,     Feet. 

Second-feel. 

10.00 

0 

11.20 

59 

12.40 

245 

13.50 

650 

10.10 

.5 

11.30 

70  ' 

12.50 

267 

13.60 

705 

10.20 

1.5 

11.40 

82 

1 

12.60 

292 

13.70 

760 

10.30 

3       ' 

11.50 

94 

12.70 

320 

13.80 

820 

10.40 

6 

11.60 

107  , 

12.80 

350 

13.90 

880 

10.50 

10 

11.70 

120 

12.90 

383 

14.00 

940 

10.60 

14 

11.80 

134 

13.00 

420 

14.20 

1,070 

10.70 

19 

,     11.90 

149 

13.10 

460 

!     14.40 

1,200 

10.80 

25 

12.00 

165 

13.20 

505 

14.60 

1,330 

10.90 

32 

12. 10 

183 

13.30 

550 

14.80 

1,460 

11.00 

40 

12.20 

1 

203 

13.40 

600 

15.00 

1,590 

11.10 

49 

;     12.30 

223 

1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  7  dis- 
charge measurements  made  during  1903  and  1904.  It  is  well  defined  between  gage  heights 
10.20  feet  and  15.00  feet.  The  table  has  been  extended  beyond  these  limits.  Alx)ve  gage 
height  14.00  feet  the  rating  curve  is  a  tangent,  the  difference  being  65  per  tenth. 

Estimated  monthly  discharge  of  Rock  Creek,  near  St.  John,  Wash.,  for  1903  and  1904- 


Month. 


1903. 


October  15-31 

November 

December 


1904. 


Januarv. . . 
February. . 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
Decemlier  . 


The  year 1,  980 


Discharge  in  second-feet, 
[axlmum.     Minimum.   1      Mean. 

Total  in 
acre-feet. 

1.5 

0.3 

0.48 

16 

8 

.4 

3.66 

218 

38.0 

8 

20.0 

1,230 

193 

40 

109 

6,702 

820 

149 

268 

15,420 

1,980 

575 

969 

59,580 

705 

183 

345 

20,530 

183 

64 

113 

6,948 

64 

28 

49.7 

2,957 

25 

10 

19.1 

1,174 

10 

1.5 

4.9 

301 

1 

0 

.42 

25 

.2 

0 

.06 

3.7 

.5 

.2 

.22 

13 

10 

.5 

3.3 

2a3 

1,980 

0 

157 

113,900 
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8TBEAM   MEASUREMENTS    IN   1904,  PART    XII. 


[no.  13?i. 


COW    CBEEK    NEAR    KEYSTONE,  WASH. 


This  station  was  established  November  10,  1904,  by  Calvin  Casteel. 
It  is  located  at  the  highway  bridge  on  the  Sprague-Ritzville  road 
crossing  of  Cow  Creek,  2\  miles  east  of  Keystone,  Wash.,  and  one- 
fourth  mile  southeast  of  Lakeview  schoolhouse.  The  station  is  a 
short  distance  below  the  foot  of  Colville  Lake.  A  plain  staflF  gage 
is  nailed  vertically  to  a  post  of  the  bridge  at  the  upper  left  end.  It 
is  read  once  each  day  by  S.  A.  Fulquartz.  Discharge  measurements 
are  made  from  the  upstream  side  of  the  single-span  bridge,  to  which 
the  gage  is  attached.  The  bridge  is  18.6  feet  long  between  abutments. 
The  initial  point  for  soundings  is  a  nail  driven  into  the  end  of  a  plank 
on  the  deck  ot  the  bridge  above  the  edge  of  the  abutment.  The 
channel  is  straight  for  about  200  feet  above  and  100  feet  below  the 
station.  The  current  above  the.  station  is  moderate  at  ordinary 
and  sluggish  at  low  stages;  below  the  station  it  is  swift  at  all  stages. 
Both  banks  are  high,  clean,  and  not  liable  to  overflow.  The  bed  of 
the  stream  is  composed  of  rock  and  gravel,  and  is  permanent.  There 
is  but  one  channel  at  all  stages.  The  bench  mark  is  a  United  States 
Geological  Survey  standard  aluminum  tablet  set  in  a  large  bowlder, 
125  feet  up  Cow  Creek  from  Sprague-Ritzville  road  crossing,  on  the 
right  bank.  The  bench  mark  is  marked  1883.  Its  elevation  is 
1,883.150  feet  above  sea  level  and  4.19  feet  above  the  zero  of  the  gage. 

The  observations  at  tliis  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Discharge  measurements  of  Cow  Creek  near  KeysUme,  Wash.,  in  1904. 


Date. 


Ilydrographer. 


November  8 ,  C.  Casteel 

November  8 do. . . 


Width. 

Feet. 
7 

7 


Area  of 
section. 


Sq./eet. 
4 

4.5 


MP4U1 

velocity. 


Ft.  per  sec. 
0.58 
.58 


Gafe 
height. 


Feet. 
0.61 
.61 


Dis- 
cbarire. 


Sec.-J'rrt. 
3 
2.0 


Mean  daily  gage  height,  in  feet,  of  Cow  Creek  near  Keystone,  Wash.,  for  1904. 


Day. 


Nov 


Dec. 


Day. 


Nov. 


Dw. 


1 

1 

0.72 

2 

.72 

3 

.71 

4 

f 

.70 

5 

1 

.71 

6 

1 

1 

.71 

7 

.72 

8 

1 

.7.'J 

9 

.74 

10 

11 

0.61 

62  1 

.7.'> 
.76 

12 

'  13 

0.62 

I  14 

48 

15 

]    .GTi 

1  16 

1    .63 

17 

6.3 

IS 

.61 

HI 

1    ,6.'» 

20 

65 

21 

.67 

i 

Day. 


Nov.       DtH* 


0.77 

22 

0.68 

o.k: 

.78 

23 

70 

-M 

.80 

24 

71 

.s»» 

.77 

25 

72 

.sT 

.78 

26 

'    .73 

.S2 

.78 

27 

[   .73 

.*^: 

.82 

28 

,   -74 

.*»! 

.82 

29 

'   .75 

.M 

.83 

30 

.74 

.>wi 

.82 

31 

.ST 

B068.  WHISTLRR. 
AUD  NOBLE. 
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COW    CREEK   AT   H(X>PER,    WASH. 

.  This  station  was  established  February  26,  1904,  by  G.  H.  Bliss. 
It  is  located  one-half  mile  east  of  Hooper,  Wash.,  about  a  half  mile 
above  the  point  where  the  creek  empties  into  Palouse  River.  A 
plain  vertical  staff  gage  graduated  to  feet  and  tenths  is  driven  into 
the  bed  of  the  stream  and  braced  to  a  stake  on  the  left  bank.  The 
gage  is  read  only  at  the  time  of  making  meter  measurements.  Dis- 
charge measurements  are  made  by  wading  at  the  gage.  The  initial 
point  for  soundings  is  a  nail  driven  into  the  top  of  the  stake,  to  which 
the  gage  is  braced.  The  channel  is  straight  for  about  50  feet  above 
and  25  feet  below  the  station.  The  current  is  fairly  swift  at  flood 
stages.  Both  banks  are  high  and  clean.  The  right  bank  may  over- 
flow during  flood  stages.  The  bed  of  the  stream  is  composed  of 
clean  sand,  and  is  permanent.  There  is  but  one  channel  at  aU  stages. 
Bench  mark  No.  1  is  the  top  of  the  nail,  which  serves  as  the  initial 
point  for  soundings.  Its  elevation  is  7.68  feet  above  the  zero  of  the 
gage.  Bench  mark  No.  2  is  a  mark  on  a  large  rock  100  feet  south 
and  a  httle  to  the  west  of  the  gage.  A  piece  has  been  broken  from 
the  east  face  of  the  rock,  and  it  is  marked  *^B.  M.'*  The  elevation 
of  this  bench  mark  is  8.56  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made 
under  the  direction  of  T.  A.  Noble,  district  engineer. 

Discharge  measurements  of  Cow  Creek  at  Hooper,  Wash.,  in  1904. 


Date 


Ilydrographer. 


Width. 


Feet. 

February  26 ... .   G.  11.  Bliss 25 

March  7 Geo.  F.  Harley 25 

August  5 W.  G.  Steward ;        3 

August  31  « do '      12 


Area  of 
section. 


Sq./eet. 

22 

22 

1 

10 


Mean 
velocity. 


Ft.  per  sec. 

1.41 

1.78 

.85 

.44 


)ight. 


heig1 


Feet. 
4.80 
4.82 
4.32 
4.46 


Dls- 
chaiige. 


Sec.-feet. 
32 

46 

1 

4 


a  75  feet  above  gage. 
WALLA    WALLA   RIVEK    (sOUTH    FORK)    NEAR   MILTON,    GREG. 

This  station  was  originally  established  February  15,  1903,  6  miles 
above  the  mouth  of  the  river  and  12  miles  from  Milton,  Oreg.  The 
gage  was  read  once  each  day  from  the  date  of  establishment  to  Octo- 
ber 31,  1903,  by  N.  Redden.  As  there  were  no  means  for  making 
flood  measurements  at  this  point,  the  station  was  moved  to  the  high- 
way bridge  one-fourth  mile  above  the  junction  of  the  North  and 
vSouth  forks,  6  miles  from  Milton.  The  gage  is  a  vertical  1}  by  9  inch 
timber,  secured  to  a  stump  on  the  right  bank  three-fourths  mile  above 
the  highway  bridge  and  directly  back  of  the  house  of  the  observer, 
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Harry  Huber,  who  reads  the  gage  once  each  day.  Discharge  meas- 
urements are  made  from  the  upstream  side  of  the  single-span  high- 
way bridge  one-fourth  mile  above  the  mouth  of  the  South  Fork.  The 
initial  point  for  soundings  is  the  south  side  of  a  projecting  beam  which 
supports  the  north  end  of  the  lower  chord  of  the  bridge.  The  bridge 
has  a  span  of  65  feet  between  abutments.  The  channel  is  straight 
for  100  feet  above,  and  for  150  feet  below  the  bridge.  The  current 
is  swift.  The  right  bank  is  low,  wooded,  and  liable  to  overflow.  The 
left  bank  is  low,  but  is  not  liable  to  overflow,  and  is  without  trees. 
The  bed  of  the  stream  is  composed  of  gravel,  free  from  vegetation,  and 
not  liable  to  shift  to  any  considerable  extent.  Bench  mark  No.  1  is  a 
20-penny  nail  driven  into  a  cotton  wood  tree  1  foot  in  diameter  15  feet 
above  the  gage  rod.  Its  elevation  is  7 .00  feet  above  the  zero  of  the  gage. 
Bench  mark  No.  2  is  a  20-penny  nail  driven  into  the  tree  to  which  the 
gage  is  attached.  Its  elevation  is  7.00  feet  above  the  zero  of  the  gage. 
The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  John  T.  Whistler,  district  engineer. 

DutcJuirge  measwremerUs  of  WaUa  WaUa  River  {SoiUh  Fork)  near  MUUnif  Oreg,^  in  1904. 

Area  of  i 


Date. 


Hydrographer. 


Yates  and  Saxton . . 
Murphy  and  Sawyer 


April  15... 

May  14' 

August  12 W.  C.  Sawyer 

October  20 do 


Width. 

Feet,   I 
60 

49 

32  I 

35 


section. 


Mean 
velocitv. 


ua«e 
heignt. 


Dis- 
charge. 


Sq.  feet.    Ft.  per  sec. 
136  ;        5.70 


Fret.     \  Sec.-feti. 
2. 70  9*5 


74 
33 
32 


6.80 
3.50 
3.59 


2.18 
1.51 
1.52 


I 


lis 

113 


A  6  mlleH  above  railroad  station. 
Mean  daUy  gage  height,  in  feet  j  of  WaUa  WaUa  Rhyer  (South  ForJc)  near  Milton,  Oreg.,for  190^. 


Day. 


Jan. 


1. 
2. 
.3. 
4. 


5. 


6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 


1. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

I. 

1. 

1. 

1. 

1. 

2. 

2. 

2. 
"> 

1. 
1. 
1. 
1. 


75 
75 
75 
75 
70 
70 
70 
70 
75 
80 
80 
80 
90 
00 
10 
00 
(X) 
95 
80 
8.') 
85 


Feb.  !  Mar.     Apr. 


May. 


1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


1.70 
1.70 
1.70 


1.70 
1.75 
1.70 
1.85 
2.10 
2.00 
1.95 
1.90 
1.8.5 
1.80 


1.90 

1.95  ! 

1.90 

1.90 

1.90 

2.00 

2.40 

2.70 

2.45 

2.10 

1.90 

1.80 

1,80 

1.70 

1.80 

1.75 

1.70 

1.75 

1.70 

1.80 

1.75 


1.85 
1.75 
1.85 


June. 


1.75 
1.95 
1.85 
1.80 
1.&5 

2. 40 
2.  a*) 
2.90 
3.40 
3.20 
2..')0 


2.10 
2.20 
2.10 
2.00 
2.05 
2.10 
2.00 
2.00 
2.20 
2.15 
2.20 
2.20 
2.15 

2.10 
2.10 


2.00 
1.90 
1.90 
1.90 


2.30 
2.50  I 
2.50  I 
2.35  , 


2.15 
2.20 


1.95 
1.85 
1.80 
1.75 
1.75 
1.70 
1.70 
1.65 
1.65 
1.65 
1.65 
1.65 

1.60 
1.60 
1.60 


July. 


Aug.  I  Sept. 


Oct.  '  Nov.     Dec. 


1.60 
1.60 
1.60 


1.55 


l..«> 


1.65 
1.60 
1.60 
1.65 
1.60 


1.50 


1.55 


1.50 


l.-SO  I 
1.50 
1.50  j 
1.50  I 
1.55  I 


1.60 
1.60 
1.55 


1.51 


L.'w  I     1..% 

1.60  ' 

1.60 

1.65 

1.65 

1.65 

1.60 

1.60 


r 

1 

1.50 

1.50 

1.50 

1.50  1 

1.50 

1..55 

1.50 

1.50  , 

1.60 

1.55 

1.55  , 

1.60 

1.55  ! 

1.55 

1.55 


1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.5(1  , 

1.50  ' 

1.55 

l..Vi 

1.55 

1.55 

1..Vj 


1.60 
1.55 
1.55 


I 


1.55 
1.55 


l.-SO 
1..V) 
1.50 
1-50 
L.'iO 
1..% 
1..tO 
l..'i5 
I.J>5 
l.v 
l..wi 
I.  V. 
l.V. 
l.«^ 
l.tiO 
I.  fit? 
1.6i> 
l.di) 
1.60 
1.60 
1.60 
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AND 
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Mean  daily  gage  height ,  in  feet,  of  WaUa  WaUa  River  (South  Fork)  near  Milton,  Oreg.,for 

/90^— Continued. 


Rating  table  for  WaUa  WaUa  Rit^er  {SoiUh  Fork)  near  MUtanj  Oreg.,  from  January  1  to 

December  SI ,  190^, 


Oagp 
height. 

Discharge. 

Gaee 
heignt. 

Discharge. 

Oa«e 
height. 

Discharge. 

Oage 
height. 

Discharge. 

Feet. 
1.40 

Second-feet. 
71 

FeH. 
2.00 

Second- feet. 
374 

Feet. 
2.60 

Second-feet. 
765 

'     Feet. 
3.00 

Second-feet. 
1,255 

1.50 

109 

'     2.10 

443 

2.60 

858 

3.10 

1,355 

1.60 

152 

2.20 

516 

2.70 

955 

3.20 

1,455 

1.70 

200 

2.30 

595 

2.80 

1,055 

i     3.30 

1,555 

1.80 

253 

2.40 

678 

2.90 

1,155 

3.40 

1,655 

1.90 

310 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  4  dis- 
charge* measurements  made  during  1904.  It  is  well  defined  between  gage  heights  1.50  feet 
and  2.70  feet.  The  table  has  been  extended  beyond  thest^  limits.  Above  gage  height  2.70 
feet  the  rating  curv'e  is  a  tangent,  the  difference  being  100  per  tenth. 

Eftimated  monthly  discharge  of  WaUa  WaUa  River  {SoiUh  Fork)  near  MUton,  Oreg.,  for  190^. 


Month. 


January 

February 

March , 

April 

May 

June 

JiUy 

August 

September 

October 

November 

December 

The  year. 


Discha 

irge  in  aecond-feet.o  . 
Minimum.         Mean. 

Total  in 

Maximum. 

acre-feet. 

443               200 

264 

16,230 

443               200 

282 

16,220 

955 

90 

294 

18,080 

1,655 

226 

569 

33,860 

555              310 

433 

26,620 

374               109 

2a3 

12,080 

175               130 

149 

9,162 

130 

109 

117 

7,194 

109 

109 

109 

6,486 

152  '             109 

121 

7,440 

152               109 

1 

124 

7,379 

242 

109 

143 

8,793 

1,655 

90 

234 

169,500 

a  Piscbarge  interpolated  for  missing  gage  heights. 
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WALLA    WALLA    RIVER   AT   MILTON,    OREG. 

This  station  was  established  February  14,  1903,  by  T.  A.  Noble. 
The  gage  is  a  vertical  rod  on  the  left  bank  one-half  mile  above  the 
county  bridge  and  just  above  the  head-gate  of  an  irrigation  ditch. 
The  gage  is  read  once  each  day  by  S.  L.  Smith.  During  190:^ 
discharge  measurements  were  made  from  a  cable  just  above  the 
gage.  Measurements  made  at  this  point  include  the  discharge  of  the 
irrigation  ditch  just  l)elow  the  gage.  On  October  29,  1908,  a  stay 
wire  was  installed  about  35  feet  above  the  county  bridge,  to  be  used  in 
making  flood  measurements.  At  the  close  of  the  season  of  1903  the 
cable  was  abandontnl,  and  discharge  measurements  have  since  been 
made  from  the  highway  bridge.  Measurements  made  at  this  point 
do  not  include  the  discharge  of  the  irrigation  ditch  just  below  the  gage. 
This  ditch  has  to  be  measured  separately,  but  is  included  in  the  esti- 
mate given  below.  There  is  another  irrigation  ditch  taken  out  on  the 
left  bank  just  below  the  bridge,  which  is  included  in  the  measure- 
ments made  at  the  bridge.  The  gage  heights  have  been  adjusted  to 
obviate  the  effect  of  changes  in  a  diversion  dam  l)elow  the  gage. 
The  initial  point  for  soundings  is  the  end  of  the  lower  chord  on  the 
upstream  side  of  the  bridge  at  the  right  bank.  The  bridge  has  a 
single  span  of  75  feet  between  abutments.  The  channel  is  straight 
for  80  feet  above  and  for  150  feet  below  the  station.  The  current  is 
swift.  Both  banks  are  low,  wooded,  but  not  liable  to  overflow. 
There  is  but  one  channel  at  all  stages.  The  bed  of  the  stream  is 
composed  of  gravel,  free  from  vegetation,  and  liable  to  shift.  The 
bench  mark  is  the  top  of  a  sharp  projecting  rock  4  feet  from  the 
gage  and  3  feet  from  the  tree  to  which  the  gage  is  attached.  Its 
elevation  is  4.37  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  John  T.  Whistler,  district  engineer. 

Discharge  measurements  of  Walla  Walla  River  at  MiltoUy  Oreg.,  in  190^. 


I 


Date  Uvdroeranhpr  I  Whlth      '^'*^^  °'         ^*^'*"  ^'^f^     i       ^***" 

^°^'  I  iijarograpnoi.  |\\hun.,   j^^ion.   .    velocity,  i  hoight.    '  charj^ 


I 


Fcft.   I   Sq.fret.  Ft.  per  sec.  Feet.  Sec-fttt. 

April  16 n.  A.  Yatos (MS           m]  7. 46  '  2. 5  1,  :"JS7 

May  14 Murphy  and  Sawyer 64            107  6.70         l.(«  71."! 

June  18 W.C.Sawyer 46             64  3.  TjS          1.:I7  •287 

August  12 do 44             40  2.42          1.01  i:fl) 

OctolHT '20 do 4'S  3.:^  '       1.05  145 


I 


ROSS.  WHIKTI 
AND  NOBLK 


K.      J 


COLUMBIA    RIVKR    DRAINAGE    BASIN. 
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Mean  daUy  ga^ge  height,  in  feet,  of  Walla  WaUa  Riivr  at  Milton ,  Oreg.,for  1904. 


Day. 


Jan. 


1. 
2_ 

3. 
4. 
A. 
6. 

i . 
S. 

a. 
in. 
II. 
]:. 

14. 

iJi. 

16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24- 


25. 


26. 
27. 
2s. 
29. 
30. 
31. 


Feb.  I  Mar. 


04 
04 
04 
03 
02 
UO 
02 

o:{ 

02  I 

10  ■ 

07 

•■vo 

45 
43 

38 ; 

36 
33 
30 
16 
15 
21 

Id 

15 
13 
10 
07 
04 
02 
00 
98 


0.96 

.96 

.96 

.95 

.95 

.96 

.95 

.95 

.05 

.92 

.92 

1.01 

.99 

.97 

1.03 

1.45 

1.43 

1.30 

1.20 

1.22 

1.15 

1.45 

1.47 

1.44 

1.37 

1.40 

1.45 

1.40 

1.36 


Apr.     May. 


June.    July,  i  Aug.     Sept.     Oct.     Nov.     Dec. 


1.33 

1.36 

1.28 

1.33 

1.30 

1.47 

1.85 

3.20 

2.66 

2.20 

2.02 

1.90 

1.75 

1.73 

1.85 

1.80 

1.74 

1.70 

1.74 

\.U 

1.76 

1.72 

1.69 

1.65 

1.54 

1.50 

1.47 

1.54 

1.95 

2.21 

1.98 


1.91 
1.90 
1.93 
1.95 
1.88 
2.10 
1.95 
1.90 
1.95 
2.31 
2.60 
2.92 
2.93 
3.20 
3.00 
2.51 
2.43 
2.31 
2.45 
2.55 
2.  %\ 
2.21 
2.08 
2.01 
1.92 
2.05 
2.11 
2.18 
2.08 
2.18 


1.80 
1.72 
1.81 
1.92 
1.88 
1.86 
1.81 
1.78 
1.74 
1.98 
2.00 
1.96 
1.97 
1.98 
1.95 
1.90 
1.90 
1.92 
2.01 
2.02 
2.03 
2,02 
2.02 
2.01 
1.84 
1.78 
1.72 
1.67 
1.62 
1.61 
1.60 


1.58 
1.68 
1.68 
1.67 
1.65 
1.6.3 
1.65 
1.58 
1.53 
1.50 
1.47 
1.43 
1.38 
1.37 
1.35 
1.34 
1.36 
1.36 
1.35 
1.35 
1.34 
1.32 
1.25 
1.22 
1.20 
1.18 
1.16 
1.17 
1.16 
1.14 


1.13 
1.12 
l.ll 
1.20 
1.20 
1.18 
1.22 
1.20 
1.17 
1.16 
1.14 
1.13 
1.12 
1.11 
1.15 
1.20 
1.14 
1.12 
1.11 
1.10 
1.09 
1.08 
1.07 
1.07 
l.Oi 
1.04 
1.03 
1.03 
1.02 
1.02 
1.01 


1.01 
1.01 
1.01 
1.00 
1.00 
1.00 
1. 01 
l.Ol 
1.01 
1.00 
1.01 
1.01 
1.00 
1.00 
1.00 
1.01 
1.01 
1.00 
1.01 
1.02 
1.00 
1.00 
1.01 
1.00 
1.00 
1.01 
1.00 
1.01 
1.01 
1.02 
1.02 


1.03 

1.03 

1.02 

1.02 

1.01 

1.00 

1.00 

1.00 

1.00 

1.00 

.99 

.99 

.98 

.97 

.94 

.94 

.94 

.94 

.94 

.93 

.93 

.93 

1.04 

1.04 

1.00 

1.05 

1.01 

1.00 

1.00 

1.00 


1.01 
1.00 
.08 
.09 
1.00 
1. 00 
1.02 
1.02 
1.01 
1.01 
1.06 
1.11 
1.06 
1.04 
1.10 
1.09 
1.07 
1.06 
1.05 
1.05 
1.06 
1.06 
1.06 
1.07 
1.06 

i.os 

1.04 
1.04 
1.07 
1.07 


1.08 

1.09 

1.09 

1.10 

1.10 

1.10 

1.10 

1.10 

1.11 

1.13 

1.12 

1.14! 

1.14 

1.15 

1.16 

1.17  ' 

1.18 

1.10 

1.19 

1.22 

1.22  I 

1.21 

1.19 

1.18 

1.18 

1.17 

1.16 

1.15 

1.16 

1.17 


1.17 
1.17 
1.17 
1.19 
1.18 
1.16 
1.18 
1.19 
1.16 
1.14 
1.16 
1.17 
1.16 
1.20 
1.19 
1.18 
1.17 
1.19 
1.20 
1.20 
1,21 
1.20 
1.19 
1.19 
1.18 
1.18 
1.17 
1.17 
1.22 
1.40 
1.42 


Rating  iaUefor  Walla  Walla  River  at  Milton,  Oreg.,from  January  1  to  December  SI,  190^, 


(laee 
height. 


Pfft. 
0.90 
1.00 
1.10 
1.20 
1.30 
1.40 


Discharge. 

Second-feet. 
120 

135 
159 
192 
233 
281 


Gai 
hcigl 


St. 


Discharge. 


Gai 
heigl 


f^^     ,   Discharge. 


Feet. 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 


Second-feet. 
339 
408 
488 
577 
679 
795 


Feet. 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 


Second- feel. 
913 
1, 031 
1,  149 
1,268 
1,387 
1,506 


Ciaee 

heignt. 

Discharge. 

Feet. 

Secondrfeet. 

2.70 

1,625 

2.80 

1,744 

2.90 

1,863 

3.00 

1,982 

3.10 

2,101 

3.20 


2,220 


The  above  table  is  applicable  only  for  open-channel  conditions.     It  is  based  upon  4  dis- 
charge rae^urements  made  during  1904,  and  is  fairly  well  defined. 
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Estimated  monthly  discharge  of  Walla  WaUa  River  at  Milton,  Oreg.^for  1904.. 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  In  second-feet. 


Maximum. 


339 
321 
2,220 
2,220 
830 
472 
200 
139 
146 
162 
200 
292 

2,220 


Minimum. 


Mean. 


131 
122 
225 
658 
408 
171 
137 
135 
124 
131 
154 
171 

122 


183 
195 
606 
1,105 
654 
297 
165 
136 
134 
145  I 
175  ' 
192  i 


332 


Total  in 
acre-feet. 


Il,2o0 

11,  220 

37,260 

65,750 

40.210 

17. 670 

10,140 

8.362 

7,974 

8,916 

10,410 

11,810 

241.000 


UMATILLA    RIVER   AT   GIBBON,    OREO. 

This  station  was  established  by  C.  C.  Babb  July  22,  1896.  The 
original  gage  rod  was  located  one-fourth  mile  below  the  raihx)ad 
station.  The  gage,  together  with  the  cable  from  which  dischai^e 
measurements  were  made,  was  carried  away  by  a  flood  in  May,  1902. 
The  bench  mark,  consisting  of  a  cross  on  the  highest  point  of  the  rock 
to  which  the  original  gage  was  fastened,  has  also  been  destroyed.  On 
September  10, 1902,  the  station  was  reequipped  with  a  wire  gage,  cable, 
and  car.  The  cable  is  located  in  its  original  position.  To  secure  a 
better  location  for  the  gage  the  new  wire  gage  was  established  a  few 
hundred  feet  nearer  the  cable.  It  was  located  on  a  beam  projecting 
over  the  water  and  spiked  to  the  top  of  the  cribwork  on  the  left  bank 
about  10  feet  north  of  the  railroad  track.  The  wire  gage  was  repaired 
July  29,  1903,  but  no  change  was  made  in  the  datum.  The  length  of 
the  wire  from  the  marker  to  the  bottom  of  the  eye  in  the  center  of  the 
web  of  the  section  of  the  rail,  used  as  a  weight,  was  16.30  feet.  Bench 
mark  No.  I  is  the  head  of  a  40-penny  spike  driven  flush  with  the 
surface  of  the  crib  timber  opposite  the  1-foot  mark  of  the  gage  scale. 
Its  elevation  is  8.66  feet  above  gage  datum.  Bench  mark  No.  2  is 
a  40-penny  spike  in  a  telegraph  pole  directly  across  the  railroad  track 
from  the  gage  and  30  feet  distant.  Its  elevation  is  10.35  feet  above 
gage  datum. 

The  flood  in  March  and  April,  1904,  changed  the  channel  at  the 
gage  to  such  an  extent  that  the  gage  was  rendered  useless.  A  ver- 
tical staflf  gage,  graduated  to  feet  and  tenths,  was  bolted  and  braced, 
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on  October  15,  1904,  to  a  point  of  rocks  in  a  pool  where  the  bed  \a 
least  liable  to  shift,  on  the  north  side  of  the  river,  about  one-half 
mile  below  the  railroad  station  at  Bingham  Springs  and  one-half 
mile  above  the  cable  from  which  discharge  measurements  are  made. 
The  bench  mark  for  this  gage  is  a  square  chisel  draft,  and  the  letters 
"B.  M/'  cut  in  the  rock  about  15  feet  from  the  giage,  10  feet  down- 
stream. Its  elevation  is  5.17  feet  above  the  zero  of  the  gage.  No 
relation  has  been  established  between  this  and  previous  gages.  Dur- 
ing 1904  the  gage  was  read  once  each  day  by  Walter  Swart.  The 
initial  point  for  soundings  is  the  face  of  the  tree  to  which  the  cable  is 
attached,  on  tlie  right  bank.  The  channel  is  straight  for  100  feet 
above  and  below  the  cable.  The  right  bank  is  high.  The  left  bank 
is  rather  low,  and  has  a  slough  during  high  water.  The  bed  of  the 
stream  is  composed  of  gravel  and  is  somewhat  shifting. 

The  observations  at  this  station  during   1904  have  been  made 
under  the  direction  of  John  T.  Whistler,  district  engineer. 

Discharge  mtaaurementa  ofUmcUiUa  Rix^er  at  Gibbon,  Oreg.,  in  190^. 


Date. 


Uydrographer. 


;  Width. 


Area  of 
section. 


Mean 
velocity. 


Gaee 
heigl 


ee 
:ht. 


March  19. 
April  14. . 
April  25.. 


October  14 


Feet. 

J.H.Lewis '     120 

Brainard  and  Saxton i     144 

W.C.Sawyer Ill 

do 


Sq.  f(et.  Ft.  per  sec. 
188  6.3 

683  8. 34 

234  6. 79 


Feet. 
1.85 
5.63 
1.00 


35 


2.80  I    «1.17 


Dis- 
charge. 


Sec. -feet. 
1,180 

5,715 

1,591 

98 


«  New  gage. 
Mean  daily  gage  height,  in  feet,  of  Umatilla  River  at  Gibbon,  Oreg.,  for  1904. 


Day. 


1. 
•> 


3.. 
4.. 

5.. 

6. 

7.. 

8., 

y., 
10. 
11. 
12. 
13. 
H., 
t.'». 
16. 
17. 
IS. 
19. 
20. 


Jan.      Feb.      Mar.  I  Apr.     May.    June.  I  July.     Aug.     Sept.     Oct.      Nov.  '  Dee. 


1.00 

1.30 

1.00 

1.30 

1.00 

1.30 

1.00 

1.25 

1.00 

1.25 

1.00 

1.25 

1.00 

1.20 

1.00 

1.20 

1.10 

1.20 

1.20 

1.20 

1.20 

1.20 

1.40 

1.20 

1.80 

1.20 

1.90 

1.20 

2.10 

1.30 

2.00 

1.90 

1.90 

1.80 

1.80 

1.70 

1.50 

1.60 

1.40 

1.90 

1.70 

2.00 

1.60 

2.25 

1.60 

2.70 

1.50 

2.50 

2.30 

2.20 

3.20, 

3.35 
4.75 
.3.60 
2,85 
2.40 
2.00 
1.70 
1.80 
1.80 
1.70 
1.60 
1.80 
1.80 
1.90 


2.60 
2.60 
3.00 
4.00 
4.40 
4.60 
6.20 
5.35 
4.80 
4.00 
3.50 
.3.20 
3.  .50 
2.70 


0.80 
.70 
.90 
.90 
.80 
.70 
.70 
.70 
.70 
:70 
.70 
.70 
.70 
.60 
.60 
.60 
.50 
.50 
.60 
.70 


1                             1 

1 

■ 



1 

•            1 

1 

1 

1 



«                               > 

.' 

'             1 

.  ...  1  



1 

1.17 

1 

1 

1.22. 

1 

1.20 

1.20 

1.20 

1.30 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.10 

1.20 

1.10 

1.20 

1.10 

1.20 

1.10 

1.20 

1.10 

1.20 

1.10 

1.20 

1.10 

1.20 

1.10 

l.:30 

1.20 

1.30 

1.20 

i.;jo 

1.20 

\.:u) 

1.20 

L.-^O 

1.20 

1.20 

1.30 

IRK  135—05- 
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Mean  daily  gage  height,  in  feet  of  UmatiUa  River  at  Gibbon,  Oreg.,for  1904 — Continued. 


Day. 
21 

Jan. 
1.40 

22 

1.90 

23 

2.00 

24 

1.90 

25 

1.80 

26 

1.60 

27..! 

1.50 

28 

1.40 

29 

1.50 

30 

1.30 

31 

1.30 

Feb.  ,  Mar.  I  Apr. 


1.70  ; 

1.75 

1.60 

1.50 

1.70 

2.10  ' 

1.40 

1.10 

2.10 

1.10 

.90 

2.00 

1. 00 

1.00 

2.00  , 

1.00 

1.90 

1.00 

1.50 

1.80 

1.10 

1.50 

1.80 

2.10 

1.20 

May. 

June. 

July.     Aug. 

Sept. 

.60 

.50 

. 

.40 

1 

.30 

1 

1 

.10 

1 

.00 

!          i 

^ 

1 

' 

Nov.     Dec 


2.60 
2.20 


1.00 


1.15 
1.10 
1.10 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 


1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.30 
1.30 
1.30 


i.rtii 

l..H« 

l.rwi 
i.;;i 

l.-Ti' 

1.  JJ 

l.'i«i 
1.70 


Note.— Gage  heights  October  15  to  December  31  referred  to  new  gage. 

UMATILLA    RIVER   AT   PENDLETON,    OREO. 

This  station  was  established  May  22,  1903,  by  F.  W.  Iluber.  It  is 
located  at  the  Main  Street  Bridge  at  Pendleton,  Oreg.  A  short  dis- 
tance above  the  bridge  at  which  the  gage  is  located  water  is  taken  out 
of  the  river  by  the  Farmers  Mill  ditch.  This  ditch  carries  from  30  to 
50  second-feet,  and  at  low  stages  the  entire  river  is  diverted  into  this 
ditch.  The  water  is  returned  to  the  river  at  a  point  about  4,000  feet 
below  the  Main  Street  Bridge  and  about  1 ,500  feet  above  the  raUroad 
bridge,  at  which  discharge  measurements  are  made.  The  original 
river  gage  was  a  vertical  1  by  5  inch  board,  10  feet  long,  spiked  la 
the  middle  of  the  left  or  south  side  of  the  center  pier  of  the  Main 
Street  Bridge.  On  July  18,  1903,  this  gage  was  replaced  by  a  2  by  i\ 
inch  board,  10  feet  long,  fastened  in  the  same  position  as  the  original 
gage  and  on  the  same  datum.  During  1904  the  gage  has  been  read 
by  the  Geological  Survey  office  at  Pendleton.  Discharge  measure- 
ments are  made  from  the  Oregon  Railroad  and  Navigation  Com- 
pany's bridge,  about  1  mile  downstream  from  the  gage.  The  initial 
point  for  soundings  is  the  face  of  the  crib  abutment  on  the  left 
bank.  The  railroad  bridge  consists  of  a  single  span  of  145  feet,  there 
being  116  feet  of  trestle  approach  on  the  right  bank  and  an  approach 
of  34  feet  on  the  left  bank.  The  channel  is  straight  for  250  feet  above 
and  200  feet  below  the  railroad  bridge.  The  current  is  swift  at  this 
point,  but  has  a  lower  velocity  than  at  the  bridge  at  which  the  gage  is 
located.  The  right  bank  is  low  and  will  overflow  under  the  trestle  on 
this  bank.  The  left  bank  is  high  and  is  partly  riprap.  At  low  stages 
there  will  be  some  backwater  at  the  south  bank.  There  is  but  one 
channel  at  all  stages.  The  bed  of  the  stream  is  composed  of  gravel 
and  is  shifting.  The  bench  mark  is  the  top  of  the  south  side  of  the 
steel  caisson  at  the  east  end  of  the  middle  pier  of  the  Main  Street 
Bridge.     Its  elevation  is  16.50  feet  above  the-zero  of  the  gage. 

Tlie  flour  mill  ditch  (Byer's)  takes  100  second-feet  or  more  of  water 
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about  a  mile  and  -a  half  above  the  gage  and  returns  it  to  the  river 
about  200  feet  above  the  gage,  so  that  it  interferes  with  the  measure- 
ments in  no  way  except  for  a  time  during  very  low  water,  when  the 
water  is  drawn  down  and  then  stored  again.  The  gage  was  read  only 
when  the  flow  was  normal.  This  accounts  for  the  few  gage  heights 
during  the  summer. 

The  Farmers  Mill  ditch  does  not  affect  the  reading  of  the  gage  when 
above  4  feet.  When  the  water  is  below  that  height  it  takes  about  40 
second-feet  of  water  from  the  river  above  the  gage  and  returns  it 
above  the  bridge,  where  measurements  are  made;  so  for  low  stages  of 
the  river  the  amount  of  water  in  the  ditch  should  be  taken  out  from 
the  measured  discharge  in  making  curve  and  rating  table  and  should 
then  be  added  to  the  discharge  taken  from  the  table. 

On  June  15,  1904,  a  gage  was  placed  on  the  Farmers  Mill  ditch  and 
read  from  that  time  until  the  station  was  temporarily  abandoned, 
September  4,  on  account  of  fluctuations  caused  by  the  mill  above 
and  the  building  of  a  concrete  diversion  dam  below  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  John  T.  Whistler,  district  engineer. 

Discharge  measurements  of  Umatilla  River  at  Pendleton j  Oreg.,  in  190J^. 


Date. 


Hydrographer. 


February  18 H.  A.  Yates, 

March  7 do 

March  9 do 

March  23 do 


April  13 Brainard  and  Saxton. 

May  24 W.  C.  Sawyer 

May  28 do 

June  7 ' do 

July  12 ' do 

August  14  '* do 

August  14 


do. 


^Vidth. 

Arpa  of 
section. 

Mean 
velocity. 

Ft.  per  sec. 

Gatfe 
heighi. 

Feet. 

Dis- 
charge. 

Feet. 

Sq.  feet. 

Sec-feet. 

100 

252 

4.20 

2.80 

1,065 

131 

482 

5.67 

4.  ,58 

2,735 

182 

864 

6.54 

6.45 

5,645 

108 

356 

4.00 

2.95 

1,430 

191 

816 

6.86 

7.05 

5,597 

101 

285 

4.16 

2.70 

1,185 

100 

263 

2.28 

1.90 

570  «► 

87 

253 

2.07 

2.00 

492  c 

16 

14.5 

3.07 

1.25 

6'^ 

25 

12 

2.30 

.95 

28 

28 

12.5 

2.30 

.95 

28.5 

«  Wading  800  foot  above  Htation. 
6  30  second-feet  subtracted  for  canal. 
e.'«  second-feet  subtracted  for  canal. 
((40  second-feet  subtracted  for  canal. 
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Mean  daily  gage  Jieight,  in  feet  j  of  UnuUiUa  River  at  Pendletony  Oreg.yfor  1904^ 


Day. 
1 

Jan. 

1.75 
1.70 
1.65 
1.65 
1.65 
1.60 
1.60 
1.67 
1.68 
1.75 
2.15 
2.37 
2.95 
2.90 
3.23 
3.17 
3.05 
2.95 
2.72 
2.50 
2.35 
2.53 
2.87 
2.85 
2.60 
2.55 
2.35 
2.15 
2.05 
2.00 
1.95 

1 

Feb. 

1.90  ^ 

1.85 

1.80 

1.80  ' 

1.90  I 

1.90 

1.90 

1.85  ' 

1.80 

1.70  ; 

1.70 

1.75 

1.75 

1.70 

1.72 

3.05 

3.02 

2.80 

2.70  ' 

2.60 

2.50 

2.82  ' 

3.30 

3.28 

3.20  1 

3.18  ; 

3.30  , 

3.10 

2.92 

» 

Mar. 

2.90 
2.95 
2.85 
2.80 
2.80 
3.18 
4.62 
6.60 
6.35 
5.08 
4.32 
3.75 

3.10 
3.40 
3.20 
3.18 
3.32 
3.35 
3.50 
3.45 
3.20 
3.05 
2.76 
2.60 
2.50 
2.50 
2.60 
3.90 
5.10 
4.45 

Apr. 

4.00 
4.15 
4.72 
4.52 
4.28 
5.22 
4.75 
4.35 
4.85 
5.80 
6.70 
6.60 
7.14 
7.04 
6.74 
5.90 
5.32 
5.08 
5.45 
5.75 
5.28 
4.85 
4.20 
3.72 
3.65 
4.28 
4.52 
4.40 
4.20 
3.72 

May. 

3.38 
3.18 
3.42 
3.42 
3.30 
3.10 
3.10 
2.95 
2.98 
3.10 
3.12 
3.15 
3.15 
3.08 
3.00 
2.80 
2.78 
2. 75 
2.90 
2.95 
2.95 
2.75 
2.70 
2.65 
2.38 
2.20 
2.10 
1.95 
1.85 
1.78 
1.75 

June. 

1.82 
1.92 
2.05 
2.08 
2.05 
2.05 
2.02 
2.00 
1.92 
1.90 

1       1.85 

1  1.75 
1.70 
1.65 

;  1.55 
1.50 

'  1.50 
1.45 
1.45 
1.38 
1.30 
1.30 

1  1.30 
1.30 

1  1.30 
1.30 

'  1.25 
1.25 
1.25 
1.25 

1 

July. 

1.25 

2 

I.2J 

3 

1.41 

4  

1.33 

5.            

l.-'W 

6 

1.20 

7 

1.3) 

8 

i.a> 

9 

1.20 

10 

l.3n 

11 

1.30 

12 

1.25 

1.15 

14 

16 

18 

19 

20 

22 

1 

24 

1 

26 

27 

28 

30 

31 

UMATILLA    RIVER    AT   YOAKUM,    OREG. 

This  station  was  established  May  5,  1903,  by  N.  S.  Dils.  It  is 
located  one-half  mile  east  of  Yoakum  station  of  the  Oregon  Railroad 
and  Navigation  Company,  at  what  is  known  as  the  Yoakum  wagon 
bridge.  The  original  gage  is  a  vertical  split  rail  spiked  to  the  face  of 
the  south  abutment  on  the  upstream  side.  On  September  5,  1903,  a 
new  gage,  consisting  of  a  2  by  6  inch  timber,  14  feet  long,  was  spiked 
in  a  vertical  position  to  the  right  abutment  on  the  opposite  side  of  the 
river  from  the  original  gage.  The  new  gage  was  necessary  to  obtain 
gage  readings  at  low  stages.  It  is  set  at  the  same  datum  as  the  orig- 
inal gage  and  both  gages  read  the  same.  During  1^04  readings  have 
been  made  once  each  day  by  Luther  Dehaven.  Discharge  measure- 
ments are  made  from  the  single-span  wagon  bridge  at  which  both 
gages  are  located.  The  initial  point  for  soundings  is  the  end  of  the 
lower  chord  of  the  upstream  truss  on  the  left  bank.  The  channel 
is  straight  for  1,000  feet  above  and  below  the  station.     The  current 
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is  swift  and  has  a  well-distributed  velocity.  Both  banks  are  high 
and  are  composed  of  gravel.  The  right  bank  will  not  overflow.  The 
left  bank  will  overflow  only  at  extreme  flood  stages.  The  bed  of  the 
stream  is  composed  of  gravel  and  is  permanent.  There  is  but  one 
channel  at  all  stages.  The  bench  mark  is  a  60-penny  nail  and  two 
8-penny  nails  driven  side  by  side  into  the  second  timber  from  the  top 
of  the  left  abutment  near  the  old  gage.  The  elevation  of  the  bench 
mark  is  13.00  feet  above  the  zero  of  both  gages. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  John  T.  Whistler,  district  engineer. 

Ducharge  measurements  of  UmcUilla  River  at  Y oakum  y  Oreg.,  in  1904- 


Date. 


Uydrc^rapher. 


March  30... 

Aprill2 

April  28 

May  20 

Mav  31 

July  31 

September  3 


H.  A.  Yatea. . 

do 

W.  C.  Sawyer. 

do 

do 

do 

do 


Width. 

Feet. 
76 
76 
76 
76 
76 
76 
72 


Area  of 
section. 


Sq.  fret. 
530 
616 
430 
316 
195 
141 
99 


Mean  Gaee 

velocity.       height. 


Ft.  per  sfc. 

9.80 

10.67 

7.26 

4.60 

2.46 

.98 

.41 


Feet. 
8.50 
9.65 
7.15 
5.55 
4.30 
3.36 
2.84 


Dis- 
charge. 


Sec. -feet. 

5,215 

6,575 

3,116 

1,453 

480 

138 

40 


Mean  daily  gage  heighly  in  feet,  of  Umatilla  River  at  Yoakum^  Oreg.yfor  1904. 


Day. 

Jan. 

4.40 
4.30 
4.30 
4.30 
4.30 
4.30 
4.30 
4.40 
4.40 
4.50 
4.90 
5.10 
5.60 
5.70 
6.10 
6.00 
6.00 
5.90 
5.70 
5.60 
5.40 
5.20 
5.00 
5.30 

Feb. 

4.50 
4.50 
4.40 
4.30 
4.20 
4.20 
4.30 
4.50 
4.50 
4.50 
4.60 
4.60 
4.60 
4.60 
4.70 
6.00 
6.10 
5.90 
5.70 
5.50 
5.60 
6.20 
6.40 
6.50 

Mar. 

Apr. 

May. 

June. 

4.30 
4.30 
4.30 
4.30 
4.30 
4.40 
4.30 
4.30 
4.20 
4.10 
4.00 
4.00 
4.00 
3.90 
3.80 
3.80 
3.60 
3.50 
3.40 
3.40 
3.40 
3.30 
3.30 
3.30 

July. 

3.10 
3.10 
3.10 
3.80 
3.70 
3.60 
3.60 
3.50 
3.50 
3.50 
3.40 
3.50 
3.40 
3.40 
3.40 
3.40 
3.40 
3.30 
3.30 
3.30 
3.20 
3.20 
3.10 
3.00 

Aug. 

2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.80 
2.80 
2.80 

Sept. 

2.  HO 
2.80 
2.80 
2.80 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
3.00 
3.00 
3.30 
3.20 

Oct. 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.20 
3.10 
3.10 
3.20 
3.30 
3.30 
3.40 
3.30 
3.30 
3.30 
3.  .30 
3.30 
3.20 
3.20 

Nov. 

3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 

3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 

Dec. 

1 

6.00 
5.90 

'    6.30 

'    6.60 

3.20 

2 

3.20 

3 

5.80    6.60 

5.80   6.60 

5.80    6.50 

6.00    6.40 

7.10 6.30 

3.20 

4 

3.20 

5 

3.20 

6 

3.20 

7 

3.20 

8 

9.70 
9.00 
8.70 
8.20 
7.00 
6.40 
6.30 
6.50 
6.40 
6.30 
6.40 
6.40 
6.40 
6.30 
6.20 
6.20 
6.20 

5.  HO 

3.20 

9 

1 

5.80 

6.00 

[    6.00 

-     5.90 

3.20 

10 

n 

3.20 
3.20 

12 

3.20 

13..... 

5.80 

3.20 

14 

5.60 

i    5.50 

1     5.40 

;    5.40 

5.50 

5.50 

5.40 

5.40 

5.40 

1    5.20 

:     5.10 

3.20 

1.5. . 

3.20 

16 

3.20 

17 

3.20 

18 

3.30 

19 

20 

21 

3.30 
3.40 
3.40 

22 

3.40 

23 

3.40 

24 

3.40 
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Mean  daily  gage  height,  in  feet,  of  Umatilla  River  at  Yoakum,  Oreg.,for  190J^ — Continued. 


Day. 
25 

Jan. 

5.40 
5.30 
5.10 
5.00 
4.90 
4.70 
4.70 

Feb. 

0.40 
6.40 
6.30 
6.20 
6.10 

26 

27 

28 

29 

30 

31 

Mar.      Apr. 


I- 


6.10 

6.70 

5.70 

5.90  j     7.10 

7.70       6.70 

8.40       6.60 

7.50 


May. 

4.90 
4.70 
4.60 
4.60 
4.50 
4.40 
4.40 


Juno.    July.    Aug. 


3.30 
3.30 
3.20 
3.10  I 
3.10  ' 
3.10 


3.00 
3.00 
2.90 
2.90 
2.90 
2.80 
2.80 


2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 


Sept.     Oct.     Nov,     Doc. 


3.10 
3.00 
3.00 
3.00 
3.00 
3.00 


3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 


3.30 
3.20 
3.20 
3.20 
3.20 
3.20 


3.40 
3.40 
3. 40 
3.40 

3.70 

3.J« 


Rating  table  for  Umatilla  Riv^er  at  Yoakum,  Oreg.,from  January  1  to  December  31, 1904. 


Feet. 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 


Discbargp. 


Second- feet. 

30 

41 

53 

65 

78 

95 

116 

141 

170 

201 

235 

272 

313 

358 

406 


h?Sft.   I  I^i«^h*rge. 


Feet. 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 
5.10 
5.20 
5.30 
5.40 
5.50 


Second  feet. 

457 

510 

567 

628 

691 

758 

827 

899 

973 

1,050 

1, 131 

1,214 

1,299 

1,386 


hSgft.      ^>i-»^-«--   ,  hS^t. 


Feet. 
5.60 
5.70 
5.8Q 
5.90 
6.00 
6.10 
6.20 
6.30 
6.40 
6.50 
6.60 
6.70 
6.80 
6.90 


Second- ffft. 
1,475 
1,568 
1,663 
1,760 
1,859 
1,960 
2.064 
2,170 
2,279 
2,389 
2,501 
2, 615 
2,731 
2,850 


Feet. 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.50 
10.00 
10.50 


Discharge. 

Second- f tet . 
2,971 
3,217 
3,469 
3.730 
3,995 
4,270 
4,551 
4,837 
5,133 
5,434 
5,741 
6,541 
7,382 
8,252 


The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  7  dii*- 
charge  measurements  made  during  1904  and  is  fairly  well  defined.  Above  gage  height 
10.00  feet  the  rating  curve  is  a  tangt^nt,  the  difference  b.nng  174  per  t<Mith. 
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Estimated  monOdy  discharge  of  UmaiiUa  Rix^er  at  Yoakum,  Oreg.,for  1904- 


Month. 


i      Discharge  in  second-feet. 


Maximum. 


January . 
Febniarv 
March . . . 
April".. 
May .... 


1,960 
2,389 

6,871 


Minimum. 

510 
457 

1,568 


Mean. 


Total  in 
acre-feet. 


June 

July 

August 

S(»ptemlx^r. 

October 

November. 
December. 


2,501 
567 
272 

41 
116 
141 

95  i 
272  I 


567 
78 
41 
SO 
41 
65 
95 
95 


1,046 
1,264 
2,730 
4,174 
1,487 
288 
120 
34.3 
58.5 
90.5 
95.0 
122 


The  year 


959 


64,320 

72, 710 

167,900 

248,400 

91,430 

17,140 

7,379 

2,109 

3,481 

5,565 

5,653 

7,501 

693,500 


a  Discharge  estimated  April  1-27,  inclusive. 
UMATILLA    RIVER    NEAR   UMATILLA,    OREO. 

This  station  was  established  October  21,  1903,  by  John  H.  Lewis. 
It  is  located  about  2  miles  above  Umatilla,  Oreg.,  and  about  one- 
fourth  mile  below  the  diversion  dam  of  the  Oregon  Land  and  Water 
Company.  This  dam  diverts  water  into  an  irrigation  ditch  on  the 
left  bank.  The  inclined  gage  is  on  the  left  bank  45  feet  below  the 
cable  and  is  in  two  sections.  Both  sections  are  made  of  2  by  6  inch 
timber  fastened  by  bolts  which  are  cemented  into  the  rock.  The 
lower  section  reads  from  1.2  to  3.5  feet.  The  upper  section  reads 
from  3.5  to  10.8  feet.  The  gage  is  read  every  other  day  by  B.  V. 
Pompella.  Gage  readings  are  taken  every  day  during  floods.  Dis- 
charge measurements  are  made  by  means  of  a  f-inch  wire  cable,  car, 
tagged  wire,  and  stay  wire.  The  cable  has  a  span  of  210  feet.  The 
initial  point  for  soundings  is  the  zero  mark  on  the  tag  wire,  directly 
over  the  vertical  portion  of  the  left  bank.  The  channel  is  straight 
for  500  feet  above  and  for  1 ,000  feet  below  the  cable.  The  current 
is  swift.  Both  banks  are  high  and  rocky  and  will  not  overflow.  The 
bed  of  the  stream  is  composed  of  solid  rock,  free  from  vegetation,  and 
permanent.  The  bench  mark  is  the  head  of  a  bolt  cemented  in  the 
solid  rock  IJ  feet  upstream  from  the  gage  rod.  Its  elevation  is  10.30 
feet  above  the  zero  of  the  gage.  To  obtain  the  total  discharge  of  the 
river,  the  discharge  of  the  irrigation  ditch  must  be  added  to  that  of 
the  river  at  the  cable.     The  rapids  just  above  Umatilla  prevent 
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backwater  from  Columbia  River  from  affecting  the  gage  heights  at  the 
'  station. 

The  observations  at  this  station  during  1904  have  been  made 
under  the  direction  of  John  T.  Whistler,  district  engineer. 

Discharge  measurements  of  UmaiiUa  River  near  UmaliUaf  Oreg.,  in  190^. 


Date. 


Hydrographer. 


Width. 


Area  of 
section. 


Mean 
velocity. 


Feet.      Sq.feet.    Ft.  per  see. 


MarchlS J.  H.  Lewis 178 

March  30 do I  183 

Aprilll H.A.Yates...-. ,  187 

May  13 Murphy  and  Sawyer ....  175 

W.C.Sawyer '  20 


August  13 «  ... 
October  24 do 


50 


420 
742 

760  I 

317  j 

8 

40 


5.02 
7.40 
8.00 
4.78 
0.78 
1.58 


Dis- 
charge. 


Feet.     I  Sec-feet. 


4.40 
6.30 
6.65 
4.00 
1.86 
2.42 


2,190 
5,4Jv4 

1,507 

7 

62 


a  Made  at  different  section. 


Discharge  measurements  of  Oregon  Land  and  Water  Company* s  ditch  near  Umatilla,  Oreg., 

in  1904. 


Date. 


March  18. 
March  30 
Aprilll. 


Discharge. 


Date. 


Second-feei. 
0.0 
0.0 
15 


May  13 

October  24  «. 


Discbainre. 


Second-feei. 
12-4 

13 


a  Estimated. 
Mean  daily  gage  height,  infect,  of  Umatilla  River  near  UmatiUa,  Oreg.,  for  190J^ 


Day. 

Jan. 

3.30 
3.30 
3.30 
3.30 
3.30 
3.20 
3,20 
3.20 
3.20 
3.30 
3.50 
3.70 
3.80 
4.10 
4.00 
4.20 
4.20 
4.10 
4.10 

F.eb.  1 

- 

3.  .50 
3.40 
3.40 
3.30 
3.30 
3.30 
3.40 
3.40 
3.40 
3.40 
3.30 
3.30 
3.30 
3.30 
3.30 
3.90 
4.40 

Mar. 

4.25  ! 

4.20 

4.25 

4.80 

7.30 



5.45 

4.80 

4.75 

4.60 

Apr. 

May. 

June. 

July. 

2.15 



2.15 

3.10 

Aug. 

2.20 
1 

2.10 

2.05 

1 
\ 

2.00 
2.00 
1.95 
1.90 
1.90 
1.90 

Sept. 
1.95 

Oct. 
2.35 

Nov. 

DfO. 

1              

2 

5.40 

5.50 

5.65 

5.60 

5.50  , 

5.90  ' 

5.80 

.   6.00 
6.60 
6.90 
7.  a*) 
7.40 
7.65 
7.40 
6,45 

4.55 
4.40 

4.30 
4.25 
4.25 
4.25 
4.15 
4.05 
4.20 
4.15 
4.00 
4.00 
3.95 
3.05 
3.90 
3.85 
3.85 

3.20 

3.30 
3.20 

2.35 

2.55 

3 

2.00 

2.35 

..... 

4            

2.35 



2..V> 

5              

2.00 

2.30 

0       

2.35 
2.30 
2.35 

2.  :m 

7 

3.15 
3.10 
3.10 
3.a5 
3.00 
2.85 
2.85 
2.80 
2.80 

....... 

3.00 

2.80 

2.70 

3.00 
1 

2.60 

1 

2.00 

2.15 

8 

2..V> 

9 

10 

2.00 

2.15 

2..V1 

11 

2.00 

* 

2.30 

12 

2.35 

2.55 

i:{     

2.00 

2.35 

H 

2.35 

2.55 

ir, 

2!  20 
2.20 
2.20' 

2.45 
j    2.45 

ir. 

2.40 

2.60 

17 

2.75 

2.60 

is... 

2.45 

2.35 

2.60 

19 

1    4.20 

4.40 

5.40 

2.70 

1    2.55 

BOSS,  WHISTLER 
AND  NOBLE 
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Mean  daily  hei^jht,  in  feet ,  ofUmatiUa  River  near  Umatilla,  Oreg.,for  1904 — Continued. 


Day. 


20. 
21. 
22. 

2;^. 

24. 


Jan.      Feb.     Mar. 


Apr 


2:>. 


26. 
27. 
2S. 
29. 
:«. 
ni. 


4.00 

3.90 

3.80 

3.70 

3.70 

3.80" 

3.80 

3.80 

3.70 

3.60 

3.60 

3.50    . 


May.    June.    July. 


4.40 


5.80 


4.46  ' 

4  40       5.20 
5.00 


3.90 
3.80 


4.20  I     4.20 

4.20       4.10       4.50 

4.00'    4,60 

4.20       4.80    

6.45 

5.95 


3.80 
3.80 
3.70 
3.60 


2.60 


2.50 


2.50       2.50 


2.50       2.50  : 


3.45       2.45 


4.80 


3.35 
3.25 
3.20 
.3.15 


2.40 


2.30       2.25 
'     2.20 


Aug. 

Sept. 

2.20 

2.20 

2.40 

2.35 
....... 

2.30 

Oct 
2.45 

Nov. 



2.40 

Dec. 

1.90 

2.60 

1.90 

2.45 

2.35 

2.65 

1.90 

2.40 

2.40 

2.65 

1.95 

2.40 

2.40 

2.65 

1.95 

2.40 

2.50 

2.65 

1.95 

2.30 
2.30 

2.50 

2.65 

Rating  table  for  UmatiUa  Ri\^r  near  IJmattUa,  Ore^.^from  October  22,  1903,  to  December  31, 

1904. 


Cage 
leight. 

DischanCB. 
Second-feet. 

Cage 
height. 

Feet. 

Discharge. 

• 

nage 
height. 

Feet. 

Discharge. 

Gaife 
.    height. 

Feet. 

'  Dischai^. 

Feet. 

Secondr-feel. 

Second-feet. 

Second-feet. 

1.90 

9 

3.20 

531 

4.50 

2,200 

5.80 

4,444 

2.00 

14 

3.30 

627 

4.60 

2,355 

5.90 

4,636 

2.10 

21 

3.40 

731 

4.70 

2,512    j 

6.00 

4,830 

2.20 

i            30 

3.50 

843 

4.80 

2,672 

6.20 

;       5,218 

2.30 

43 

3.60 

962 

4.90 

2,835 

,    6.40 

5,606 

2.40 

62 

3.70 

1,085 

5.00 

3,000 

6.60 

5,994 

2.50 

88 

3.80 

1,212 

5.10 

3,169    i 

6.80 

1 

6,382 

2.60 

124 

3.90 

1,342 

5.20 

3,342 

7.00 

6, 770 

2.70 

171 

4.00 

1,475 

5.30 

3,518 

'    7.20 

7,158 

2.80 

227 

4.10 

1,612 

I     5.40 

3,697 

7.40 

,.     7,546 

2.90 

291' 

4.20 

1,753 

;     5.50 

3,880 

7.60 

7,934 

3.00 

363 

4.30 

1,898 

5.60 

4,066    i 

7.80 

8,322 

3.10 

443 

4.40 

2,047 

5.70 

4,254 

8.00 

8,710 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  8  dis- 
chai^  measurements  made  during  1903  and  1904.  It  is  well  defined  between  gage  heights 
.1.85  feet  and  6.15  feet.  The  table  has  been  extended  alx)ve  6.15  feet.  Above  gage  height 
6.00  feet  the  rating  curve  is  a  tangent,  the  difference  being  194  per  tenth. 
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Estimated  monthly  discharge  of  UmatUla  River  near  UmaiiUay  Greg. j  for  190S  and  190J^. 


Month. 


1903. 


October  22-31 

November 

December . . . . 


Discharge  in  Heoond-fect.o 

1 
Maximum.     Minimimi. 

Mean. 

171 

124 

134 

2,512 

88 

810 

1,753 

531 

1,102 

-    •     . 

Total  in 
acre-feet. 


2,  65S 

48.200 
67,760 


1904. 


January  . 
February 
March . . . 
April ... 
May . 


Juno 

July 

August 

September. 
October . . . 
November. 
December . 


The  year 


1,753 

2,047. 

7,352 

8,031 

2,  512 

627 

443 

30 

62 

74 

88 

146 

8,031 


531 

627 

1,475 

1,753 

486 

30 

25 

9 

11 

25 

43 

88 

9 


1,049 

1,219 

2,827 

4,371 

1,415 

269 

145 

13 

27 

55 

58 

121 


64,520 

70.  1 10 

173.  900 

260,  ICO 

87,020 

16,0;)0 

8,886 

807 

1.617 

3,366 

3.4:^7 

7.462 


964         697. 200 


a  Discharge  for  missing  gage  hcight.s  interpolated. 
M^KAY   CREEK    NEAR    PENDLETON,    OREO. 

This  station  was  established  May  23,  1903,  by  E.  I.  Davis.  It  was 
located  at  the  footbridge  near  the  residence  of  C.  W.  Lyman,  2  miles 
west  of  Pendleton,  Oreg.  The  gage  was  a  vertical  1  by  6  inch  board  1 1 
feet  long  nailed  to  a- post  which  is  set  in  the  bed  of  the  stream  and 
braced  to  a  large  poplar  tree.  It  was  about  200  feet  north  of  C,  W. 
Lyman's  house  and  is  about  150  feet  below  the  footbridge,  on  the  left 
bank.  It  was  read  twice  each  day  by  C.  W.  Lyman.  Discharge  meas- 
urements were  made  from  the  footbridge  of  65-foot  span,  above  the 
gage.  The  initial  point  for  soundings  was  the  end  of  the  log,  of 
which  the  bridge  consists,  on  the  right  bank.  The  channel  is 
straight  for  150  feet  above  and  100  feet  below  the  bridge.  The  cur- 
rent has  a  good  velocity  at  ordinary  stages.  Both  banks  are  high, 
not  liable  to  overflow,  and  are  without  trees.  There  is  but  one  chan- 
nel at  all  stages.  The  bed  of  the  stream  is  composed  of  gravel,  free 
from  vegetation,  and  permanent.  The  bench  mark  was  a  nail  in  a 
blaze  on  a  root  of  the  poplar  tree  to  wliich  the  gage  was  braced.     Its 
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elevation  was  5.82  feet  above  the  zero  of  the  gage.     The  station  was 
abandoned  July  6,  1904. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  John  T.  Whistler,  district  engineer. 

Di8(harge  measurements  of  McKay  Creek  near  Pendleion,  Oreg.,  in  1904' 


Date. 


Hydrographcr, 


March  5 II.  A.  Yates . . 

March  11 do 

April  12 ! do 

June  2  « W.C.Sawyer. 


Width. 


Area  of 
section. 


Feet 
40 
42 
43 
16 


Sq.  feet. 

126 

150 

182 

14.5 


Mean     '     Gase  Dis- 

velocity.      height.      charge. 


Ft.  per  sec. 

Feet. 

Sec-feet. 

3.40 

2.20 

434 

4.90 

3.05 

740 

6.00 

3.90 

1,100 

1.73 

1.22 

25 

a  Made  at  different  section. 


Mean  daily  gage  Tieighty  in  feet  j  of  McKay  Creek  near  Pendleton^  Oreg. ,  for  1904- 


Day. 

Jan. 

1.55 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.50 
1.50 
1.70 
1.90 
2.00 
2.30 
2.40 
2.30 
2.15 
2,10 
2.00 
1.85 
1.85 
1.95 
2.10 
2.00 
2.00 
1.90 
1.85 
1.75 
1.70 
1.60 
1.55 

Feb. 

1.50 

1.50 

1.45 

1.40 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

2.35 

2.50. 

2.50 

2.35 

2.20 

2.15 

2.00 

2.00 

1.90 

2.40 

2.50 

2.50 

2.25 

2.20 

2.15 

2.10 

2.00 

Mar. 

2,00 
2.00 
2.00 
2.00 
2.20 
2.25 
3.20 
4.10 
3.95 
3.35 
3.00 
2.50 
2.45 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.42 
2.40 
2.25 
2.12 
2.00 
1.95 
1.90 
1.90 
2.10 
3.35 
4.25 
3.40 

Apr. 

May. 

June. 

July. 

I 

3.35 
3.30 
3.40 
3.40 
3.28 
3.  SO 
3.40 
3.25 
3.80 
4.00 
3.80 
3.80 
3.80 
3.80 
3.55 
3.50 
3.30 
3.a5 
3.00 
2.90 
2.85 
2.80 
2.55 
2.40 
2.30 
2.30 
2.25 
2.20 
2.10 
2.00 

2.00 
2.00 
2.00 
1.95 
1.90 
1.90 
1.85 
1.80 
1.75 
1.70 
1.70 
1.60 
1.60 
1.55 
1.55 
1.50 
1.50 
1.50 
1.45 
1.45 
1.40 
1.40 
1.38 
1.35 
1.30 
1.28 
1.25 
1.20 
1.20 
1.20 
1.18 

1.15 

1.25 

1.25 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.10 

1.05 

1.00 

1.00 

1.00 

.97 

.95 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

0.90 

2 

90 

:{                        .  .            .  .         

.90 

4 

1.60 

.5          ....       

1.45 

6 

7 

1.30 

s                          

9 

10 

11 

12 

13 

14 

1.5            ...                 

16 

17 

IH 

19 

2») 

'■""■••■ 

21 

22 

2:J 

21 

2'j 

ai 

27 

2S 

29 

30 

31 
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JOHN    DAY    RIVER   AT   M  DONALD,  OREO. 

This  station  was  established  December  16,  1904,  by  W.  C.  Sawyer. 
It  is  located  at  the  ferry  at  McDonald,  16  iniles  above  the  mouth  of 
the  river,  and  18  miles  southwest  of  Arlington,  Oreg.  An  inclined 
staflF  gage  in  two  sections  is  fastened  to  old  bridge  timbers  183  feet 
upstream  from  the  ferry  cable.  The  lower  section  reads  from  1  to  2 
feet;  the  upper  section  reads  from  2  to  11  feet.  The  gage  is  read 
once  each  day  by  William  Murray.  Discharge  measurements  are 
made  by  means  of  a  car  suspended  from  the  ferry  cable.  The  car  is 
provided  with  steel  snatch  blocks  and  lever  for  passing  the  ferry 
traveler.  The  initial  point  for  soundings  is  the  face  of  the  support 
on  the  right  bank.  The  channel  is  straight  for  one-half  mile  above 
and  below  the  cable.  The  current  is  swift.  Both  banks  are  high, 
free  from  vegetation,  and  do  not  overflow.  The  bed  of  the  stream  is 
composed  of  clean  sand  and  gravel,  and  is  slightly  shifting.  There 
is  but  one  channel  at  all  stages.  Bench  mark  No.  1  is  the  top  of  the 
corner  stone  under  the  southeast  comer  of  bam  near  the  gage.  Its 
elevation  is  15.32  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  John  T.  Whistler,  district  engineer. 


Discharge  meaguremtiUa  of  John  Day  River  ai  McDonald  ^  Oreg.j  in  190J^. 


Date. 


Ilydrographer. 


October  26 W.  C.  Sawyer. 

December  16 ' do 


Width. 

Feet. 
263 
262 


.Area  of 
section. 


Sq.  feet. 
602 
627 


Ft.  per  tec. 
0.96 

.go 


Feet. 
2.00 
1.98 


Mean      <     Gaep     f      Dis- 
velocity.  ,    beignt.    I   charge. 


Sec.-feet. 
580 
570 


Mean  daily  gage  height^  in  feet  j  of  John  Day  River  at  McDonald,  Oreg.  y  for  1904. 


Day. 

'   Nov. 

1 

Dec.    j 

1.0.5 

1 

'l2.. 

13.. 
1  14.. 

15.. 

16.. 

17.. 

18.. 
1  19.. 

20.. 

21.. 

Day. 

Nov. 

Dec. 

1.95 

1 
2.01 

2.00 

1 
2.00 

1.95  , 

2.00 

2.00 

1.95  1 

1.1» 

1.95  1 

1 

Day. 

Nov. 

1.90 
1.90 
1.95 
1.95 
1.95 
1.95 
1.05 
1.95 
1.95 

Dec. 

1.. 

22.. 
23.. 
,24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
30.. 
.31.. 

2.00 

2.. 

.J 1.95 

-, i      I-*'- 

1.9.5  , 

1.70 
1.70 
1.70 
1.80 
1.80 
1.90 
1.90 
1.90 

2.00 

3.. 
4.. 

'_                  1 
1 

1 

1 

2,00 
2.00 

T) 

1.95 
1.90  I 
1.80 
1-70 

2  00 

G. 

"1 

l.8'> 

7.. 

8.. 

•  ■  1 

l.NO 

i.6:> 

9.. 

1.70 

l.K.> 

10.. 

^  ^1 

1.80 

l.W 

11 

1.90 

1 

1 
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DESCHUTES   RIVER   NEAR '  BEND,  OREO. 

This  station  was  established  December  22,  1904,  by  W.  C.  Sawyer. 
It  is  located  at  the  wagon  bridge  known  as  Sizemore's  bridge,  1}  miles 
south  of  Bend,  Oreg.  A  plain  staff  gage,  graduated  to  feet  and  tenths, 
is  spiked  vertically  to  the  sixteenth  bent  of  the  bridge,  335  feet  from 
the  initial  point  for  soundings.  It  is  read  once  each  day  by  Dr.  W.  S. 
Nichol,  who  is  paid  by  the  Deschutes  Irrigation  and  Power  Company. 
Discharge  measurements  are  made  from  the  downstream  side  of  the 
bridge  to  which  the  gage  is  attached.  The  initial  point  for  soundings 
is  a  point  marked  with  black  paint  at  the  west  end  of  the  bridge, 
downstream  side.  The  channel  is  straight  for  300  feet  above  and 
below  the  station.  The  current  is  swift,  and  both  banks  are  high. 
The  left  bank  is  subject  to  overflow  at  extreme  high  water.  The  bed 
of  the  stream  is  composed  of  rock  and  gravel,  free  from  vegetation, 
and  is  permanent.  There  is  but  one  channel  at  all  stages.  The 
bench  mark  is  a  copper  bolt  cemented  in  a  large  bowlder  near  the 
edge  of  the  water,  about  100  feet  above  the  east  end  of  the  bridge. 
Its  elevation  is  5.20  feet  above  the  zero  of  the  gage. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  John  T.  Whistler,  district  engineer. 

Discharge  meeisuremerU  ofDeschtdes  River  near  Bend,  Oreg.,  in  190 Jf. 


Date. 


Hydrographer. 


December  21... 


W.C.Sawyer 


Width. 

Feet. 
348 


Area  of 
section. 


Sq.Jeet. 
834 


Mean 
velocity. 


Ft.persec. 
2.89 


Gaee 
height. 

Feet. 
2.00 


Dis- 
charge. 


Sec.-ft. 
2,412 


Mean  daily  gage  height,  in  feet,  of  Deschutes  River  near  Bend,  Oreg.,  for  1904. 


Day. 


22 
23 
24 
25 


Day.  ' 

Dec. 

29.... 

2.0 

30 

2.0 

31 !-- 

2.0 

DESCHUTES   RIVER  (eAST   FORK)  AT   ODELL,  OREG. 

This  station  was  established  December  25,  1904,  by  W.  C.  Sawyer. 
It  is  located  at  the  county  wagon  bridge  at  Odell,  Oreg.  A  plain  staff 
gage,  graduated  to  feet  and  tenths,  is  spiked  vertically  to  logs  pro- 
jecting from  a  milk  house  belonging  to  the  observer.  It  is  read  once 
each  day  by  Charles  Graves.  Discharge  measurements  are  made 
from  the  bridge  at  all  ordinary  stages.  At  extreme  high  water  a  foot 
log  below  the  bridge  is  used.     The  initial  point  for  soundings  at  the 
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bridge  is  a  10-penny  nail  driven  into  a  log  at  the  south  end  of  the 
bridge,  downstream  side.  The  initial  point  at  the  foot  log  is  a  10 
penny  nail  driven  into  the  north  end  of  the  foot  log.  The  channel  is 
curved.  The  current  is  swift.  Both  banks  are  low  and  clean.  The 
left  bank  is  liable  to  overflow  at  high  water.  The  bed  of  the  stream 
is  composed  of  gravel  and  sand,  free  from  vegetation,  and  is  perma- 
nent. There  are  two  or  more  channels  at  the  bridge  during  high 
water  and  one  at  low  and  ordinary  stages.  There  is  but  one  channel 
at  all  stages  at  the  foot  log.  The  bench  mark  is  a  60-penny  nail  in 
the  base  of  a  jack-pine  tree  used  for  gate  post  in  the  yard  fence  of 
the  observer.  Its  elevation  is  7.87  feet  above  the  zero  of  the  gage  rod. 
The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  John  T.  Whistler,  district  engineer. 

Mean  daily  gage  height ^  infeetj  oj  Deschutes  River  {East  Fork)  at  OdeUf  Oreg.fjor  1904. 


Day. 

Dec. 

28... 
29... 

Day. 

Dec. 

1 

Day. 

Vw. 

26 

2.5 
2.5 

2.8 
2.7 

30.... 
31.... 

.  .             2.7 

27 

2.7 

MISCELLANEOUS   MEASUREMENTS    IN    COLUMBIA   RIVER   DRAINAGE 

BASIN. 

The  following  discharge  measurements  were  made  in  Columbia 
River  drainage  basin  in  1904  under  the  direction  of  D.  W.  Ross, 
C.  C.  Babb,  John  T.  Whistler,  and  T.  A.  Noble,  district  engineers: 

Miscellaneous  measurements  in  Idaho  in  1904. 


Date. 


Sti'eam. 


Aug.  31 
Mar.  20 


Aster  Creek 

Clearwater  River. 


Locality. 


!    Area      Mean      Gaee 
Width,  of  sec-    veloc-    height, 
tion.        ity. 


June  28 
June  12 

Aug.  31 

Aug.  :vi 

Aug.  2(t 

Aug.  17 

Sept.  J6 


"Soldier  Crossing" 

Railway  bridge  between 
Lapwai  and  Potiatch 
Junction. 

At  outiet  of  Big  Payette 
Lake. 

Conant  Creek '  Near  Squirrel 

Fish  Creek '  10  miles  from  Carey,  above 

j      all  canals. 

I/>wi8  Lake  Outlet . 


July  19     Big  Payette. 


"Soldier  Crossing,"  near 
j      falls. 

Shoshone  Lake  Out-  '  3  miles  above  Lewis  Lake., 
let. 

Snake  River  (Henry     Ford  on  Yellowstone  Park 
Fork).  road. 

Island  Park  bridge 


Snake  River  (North 
Fork). 

Spok  me  River i  Old  Fort  Sherman  at  out- 
lot  of  Copur  d ' Alene  Lake. 


Feet. 
594 


Ft.  per  i 
Sq.  ft.       sec.        Feet. 

31         0.70    

3,493         5.44    


161 

169 

48 

414 


450       1,043 


1.3  

1.1  

1.2  

2.4  

.93  '12,119 


Dis- 
chargi' 


Sec/L 
A).  4 
,19,0IS 

M2 

4l» 

2-Jl) 

IS3 

fiO 

1,000 

l,9»» 


a  p^levation  of  water  surface  above  sea  level. 
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Tributaries  of  the  South  Fork  of  Snake  RitTer,  north  sifie,from  SunnydeU,  Idaho ^  to  Wyoming 

State  line. 


Date. 


Stream. 


Discharge. ! 


Remarks. 


Aug. .  1 0     Lyman ,  or  L^'on ,  Creek , 


Aug.  10     Hawley  Springs 
Aug.  10     Kelly  Creek. .. . 


July  28     Rainy  C>eek. 


Julv  29     Palisade  Creek 


July  29  I  Sheep  Creek. 


Julv  29     Elk  Creek 


July  30     Indian  Creek. 


0.4 

.8 
.7 

36 


106 


3.3 


105 


34 


Low.  Al)ove  Sunny  dell.  Water  rights 
disputed.     Drainage  an^a  36  miles. 

Normal.     Below  Ileise  P.  O.  i  mile. 

Low.  Above  Heise  1  mile.  Used  on 
Kellv  farm. 

Low.  In  Swan  Valley,  5  rtiiles  below 
Irwin.  Entire  summer  flow  used. 
Water  rights  in  dispute.  Gaged 
above  all  canals.  Drainage  area  70 
miles. 

liow.  Gaged  above  all  canals.  In 
Swan  Valley,  5  miles  above  Irwin. 
Drainage  area  80  miles. 

Low.  In  Swan  Valley,  5  miles  above 
Irwin.  Flow  taken  "by  Tolman's 
ditch. 

Low.  In  Grand  Valley,  near  Rosa. 
Gaged  below  all  ditches. 

Low.  In  Grand  Valley,  near  Rosa. 
Gaged  below  all  canals.  Trouble 
over  water  rights.  Highest  creek  up 
river  on  north  side  used  for  irrigation 
in  Idaho.     Drainage  area  50  miles. 


Tributaries  of  the  South  Fork  of  Snake  Riirr,  south  side,  from  Wyoming  State  line  to  Poplar ^ 

Idaho. 


Date. 

stream. 

Discharge. 

1.3 

1.5 

1.0 
1.0 
1.3 

.7 

.3 
1.7 
1.8 
3.0 

.7 
23.9 

3.3 

Remarks. 

July  30 
Julv  31 

Williams  Cnvk 

Edwards  Creek 

Low.     Below    McCoy    Crc<»k    2    miles, 
l^sed  for  irrigation. 

Low.     Below    McCoy    Creek    5    miles. 
Entire  summer  flow  used. 

Low.     Entire  summer  flow  used. 

Julv  31 

(^abin  Creek 

Julv  31 

De<»r  CVeek 

Do. 

Julv  31 

Summit  Creek 

Do. 

Julv  31 

Alder  Creek 

Low.     In  Swan  Valley,  15  miles  below 
McCoy  Creek.     Entire  summer  flow 
us  'd. 

Low.     Entire  summer  flow  used. 

Do. 

Do. 

July  31 
July  31 
Julv  31 

Dry  Hollow  Crtnik 

Porcupine  Creek 

Deer-  CVeek 

Aug.     1 
Aug.    1 
Aug.    1 

Indian  Creek. 

Do. 

Stjuaw  CYeek 

Fall  Creek 

Do. 
Low.     In  Swan  Vallev.     Used  for  irri- 

Aug.    1 

Pritchard  Creek 

gation.     Drainag*'  area  45  niihs. 

Low.     In  Conant  Valley.     Used  for  irri- 
gation. 
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Trihiiaries  of  the  South  Fork  of  Snake  River,  soiUh  side ^  from  Wyoming  State  line  to  Poplar ^ 

Idaho — Continued. 


Date. 


Stream. 


Aug.    2     Garden  Creek. 


Dischaiige. 


Remarks. 


Aug.     2 
Aug.    2 


Granite  Creek. . 
Antelope  Creek. 


Aug.    2     Little  Pine  Creek. 


1. 0     Low.    Entire  summer  flow  used  for  irri- 
gation. 

.8  Do. 

1. 8     Low.    Entire  summer  flow  us.'d  for  irri- 
gation.    Drainage  area  35  niili  s. 

Low.     Filings  have  been  made  on  flow. 


Tributaries  of  the  North  Fork  of  Snake  River  above  MarysvUUj  Idaho. 


Date. 


Stream. 


Discharge. 


Aug.     15 


Hill  Creek 


Aug.    17     Thurman  Creek 


Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug.    18 
Aug.    18 


Thurman  Springs , 

West  Bald  Cabin  Springs.! 
East  Bald  Cabin  Springs  . ' 

Green  Springs | 

Osbom  Creek , 


Blue  Springs. 
Tom  Creek . . 


Aug.     18     Grizzly  Spring , 


Aug.  19 

Aug.  20 

Aug,  20 

Aug.  20 

Aug.  21 

Aug.  22 


Ice  House  Creek. 


Willow  Creek 


Caldwell  Spring  No.  1 

Caldwell  Spring  No.  2.... 
Taylor  Creek 


Sorenson  Spring. 


Aug.    22 


Shotgun  Creek 


0.3 

18 

.2 
.2 

1.5 
.6 

6.0 

3.6 
.5 

5.3 

9.0 

3.0 

.5 

.3 

.6 


68 


Remarks. 


Low.  North  bank  Snake  oppotsite 
Mar3rsville,  near  ford.  Entire  sum- 
mer flow  used. 

Bank  full;  spring  fed.  30  miles  from 
Marysvillc.     Used  for  irrigation. 

Normal.     Used  for  irrigation. 

Do. 

Do. 

Do. 

Bank  full;  spring  fed.  Used  for  irriga- 
tion. 

Normal.    Water  rights  claimed. 

Nonnal.  Used  for  irrigation.  Flows 
into  Buffalo  Creek. 

Normal.  Used  for  irrigation.  Tribu- 
tary to  Shotgun  Crpek. 

About  normal;  spring  fed.  Used  for 
irrigation.  Tributary'  to  Shotgun 
Creek.     Drainage  area  35  miles. 

Low.  Used  for  irrigation.  Tributary 
of  Shotgun  Creek.  Ownership  dis- 
puted.    Drainage  area  20  miles. 

Normal.  In  Icehouse  Park.  Ijjpor 
watershed  of  Icehouse  Creek.  Used 
for  irrigation  and  domestic  purposes. 

Normal.    Same  as  spring  No.  1. 

Low.  Tributary  of  Shotgun  CrtTk. 
Used  for  irrigation.  Ownership  dis- 
puted. 

Low.  Rises  between  Taylor  and  Sheri- 
dan creeks  above  Sheridan  ranrh. 
Us(»d  for  irrigation.  Ownership  dis- 
puted. 

Gaged  at  Trude's  brid^,  about  1  mile 
above  mouth.  Dramage  area  145 
miles. 
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Tributaries  of  Henry  Fork^  a  tributary  of  North  Fork  of  Snake  River,  east  bank,  going 

upstream . 


Pate. 


Stream. 


Aug.    27     Meadow  Creek. 
Aug.    22     Pine  Creek. . . . 


Aug. 

23 

Aug. 

23 

Aug. 

23 

Aug. 

23 

Aug. 

23 

Aug. 

23 

Aug. 

23 

Aug. 

24 

Coolie  Creek 

Snow  Water  Creek. . . 
Bear  or  Little  Spring. 

Canyon  Creek 

Thompson  Springs. . . 

Gamer  Spring 

Jessie  Creek 

Twin  Creek 


Discharge. 


Remarks. 


8.8 

.9 

12.3 

.2 

.5 

.8 

5.0 

.9 

3.0 

6.8 


Bank  full;  spring  fed.     Used  by  ranch- 
ers. 

Mid  height.     Entire  summer  flow  used 
for  irrigation. 

Mid  height.     Used  for  irrigation. 

Low.     Entire  summer  flow  used. 

Normal.     Used  for  irrigation. 

Do. 

Do.  , 

Do. 
Low. 
Below  normal. 


Tributaries  of  Henry  Lake,  Idaho. 


Date. 


stream. 


Aug.  24     Howard  Creek . . . 

Aug.    24     Tahgee  Creek 

Aug.  25     Whitman  Spring. 

Aug.  25     Rock  Springs . . . . 

Aug.    25     Howe  Creek 

I 
Aug  .  25  '  Sherwood  Springs 

Aug.    25     Canyon  Creek 

Aug.    25     Oswald  Creek 

.Vug-  25  ,  Big  Spring 

Aug.  25     Golf  Spring 

Aug.    25  ''  Timber  Creek 

Aug.  26  !  Johnson  Creek  . . . 

Aug.  26     Duck  Creek 

.\ug.  26     Rock  Creek 

.Vug.  26     Hope  Creek 


Discharge. 

11 
19 
\.l 

.7 
.7 

L2 
.6 
.3 

1.2 

.7 
1.0 

3.2 

9.6 
6.4 
2.4 


Remarks 


Low.     Used  for  irrigation. 

Do. 

Normal.     Used  to  supply  6sh  pond. 

Normal.     Used  for  irrigation. 

Normal.  Owned  by  Henry  Lake  Shoot- 
ing Club.  Usrd  by  rancher  to  make 
proof  on  dts?rt  entry. 

Normal.     Used  for  irrigation. 

Low.     Used  for  domestic  purposes. 

Low.     Used  for  irrigatibn. 

Normal.  Uspd  for  irrigation.  Tribu- 
tary of  Timber  Creek. 

Normal. 

Gaged  above  confluence  with  Oswald, 
Big  Spring,  and  Golf  Sprin-?  creeks. 
Used  for  irrigation. 

Rises  on  Sherman  ranch.  Used  on 
Sherman  and  Staley  ranches. 

l^sed  on  Sherman  ranch. 

Do. 

Do. 


iRR  135 — 05- 


■18 
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MisceUaneotis  TneasuremerUa  in  Montana  in  190^. 
8UBDRAINAGE  BASIN  OF  MISSOULA  RIVER. 


Date. 


Stream. 


May  21  New  Hedge  ditch . . 

Aug.  26    do 

May  21  Republican  diU'h . . 

Aug.  26   do 

May  10  Rattlesnake  Creek. 


Locality. 


Grantsdale. 

do 

do 

do 

Missoula. .. 


dale,  on  Bitterroot  River. 


Area  of 
section. 

Moan  ' 
velocity. 

Gage 
height. 

char^pe. 

Sq.feei. 

Ft.pergec. 

1 

Feet,       Ser.-Jert. 

19 

2.68  ' 

2.33               051 

27 

4.00' 

3. 15            « in: 

37 

2.35  1 

2.30               «« 

35 

3.00 

2.00 

«1(H 

111 

5.82  ' 
rveygagini 

m 

ogical  Su 

z  station  at  Grants- 

Miscellaneous  vieasttrements  in  Oregon  in  1904. 


Date. 


Stream. 


July   15  I  Abiqua  Creek. 


Locality. 


Apr. 

Apr. 

July 

Aug. 

July 

Sept. 

Aug. 

July 

Aug. 
Sept. 
July 

Sept. 
July 


9 
11 
22 

1 
23 
12 

6 
21 

21 
16 
23 

U 
16 


Bully  Creek 

do 

Crescent  Creek 

do 

do 

Davis  Creek 

Deschutes  River 

Deschutes  River,East 
Branch. 

do 

do 


Deschutes  River, West 
Branch. 

Molalla  River « 


July  28     Outlet 


Oct.   2.5 


Rock  Creek . 


July  30     Rogue  Rivera, 


Nov.    2  I  Santiam  Rivem 
July   15     Silver  Creek 'I... 


Aug.  7 
Mar.  10 
Oct.   20 


do 

Wildhorse  Creek. . . 
Willamette  Rivera. 


Highway  bridge,  near  Sil- 
verton. 

Bridge  at  Westfall 

do 

Outlet  Crescent  Lake 

do 

Above  Deschutes  River. . . 

i  mile  above  mouth 

i  mile  below  Crescent  Creek 

Odell 


Area 
Width.l      of 

'section. 


do 

Roeland 

Royce's  ranch,  T.  24  S.,  R. 
7E. 

Sec.  8,  T.  21  S.,  R.  8  E 

Highway  bridge,  ne^r 
Canby. 

Odell  Lake 

France 


25 
25 
105 
105 
34 
98 
72 
22 

24 
65 
21 


58 

92 

303 

279 

71 

191 

97 

16 

38 

120 

27 


Mean 
veloc- 
ity. 


Gage  I    Dis- 
heignt.  <  ehaif^e. 


Ft.  per  I  tSecomd- 

second.    Feet.   '  /eeL 


104  ,    514 


5.64 
6.95 
.64 
.60 
2.70 
l.SO 
2.25 
2.10 

1.81 
2.05 
3.22 

1.10 


1.2 


Highway  bridge,  at  Grants 
Fass. 

Scio  ferry,  near  Marion 

Union  Light  and  Power 
Co.  station,  near  Silver- 
ton. 

do 

Pendleton 

Highway  bridge,  at  Eugene 


34 


114 


2.55 


.8 


8S 

324 
613 

i9ei 

106 
192 

2S7 

319 

97 

69 
246 

86 

566 
247 

12S 


.9     2,254 


.1 

.8 


726 
2% 


.0 


11 
290 
4     1..170 


^  Miscellaneous'  measurements  furnished  to  the  United  States  Geological  Survey  by  Mr.  J.  H.  Cun- 
ningham, civil  and  hydraulic  engineer,  Portland,  Oreg. 
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Date. 


Stroam. 


Aug. 

Aug. 

Sept. 

Sept. 

Oct. 

Apr. 

May 

June 

Mar. 

Mar. 

Mar. 


27 
26 
21 
22 
17 
6 
7 
24 
21 
21 
23 


Aug.  16 
Mar.  22 

Mar.  22 

Mar.  30 
Oct.  21 
June  14 
Sept.  16 
Mar.  19 
June  14 
June  16 
Sept.  21 
Sept.  23 
Mar.  19 

Mar.  26 
July  8 
June    6 

Mar.  19 

Mar.  26 

July  1 
July  1 
Aug.  5 
June  30 

July  20 
Aug.  9 
Sept.  19 
June  15 

July  26 
July  8 
July     2 

Aug.     1 


American  River 

Bumping  River 

Cabin  Creek 

Clealum  River 

Colville  River 

Cottonwood  Creek. 

do 

do 

Crab  Creek 

do 

do 


do 

Eaat    Channel  Crab 
Creek. 

West  Channel   Crab 
Creek. 

Hangman  Creek 

Kettle  River 

Pechaatin  Creek 

Spokane  River 

Outlet  Tule  Lake 

Wenache  River 

do 

Yakima  River 

do 


Locality. 


Asotin  Land  and  Wa- 
ter Co. '8  canal. 

do 

Clark  canal 


Kiona  Water  Supply 
Co. '8  canal. 

Lewis  ton  Water 
Power  Co.'s  canal. 

do 

do 

do 

Olsen  canal 

Rhodenbach 
canal. 

do 

Taylor  canal . 

do 


Schuler 


Wenache  Canal  Co.'s 
canaL 

do 

Lowry  canal 

Wide  Hollow  wasw- 
way. 

do 


Mouth  near  Niles 

Bumping  Lake 

Near  Easton 

2  mllea  above  Lake  Clealum 

Kettle  Falls 

Rock  Lake 

do 

do 

3)  miles  west  of  Odessa 

Odessa 


Railwav    bridge   east   of 
Stratiord. 

Knipp 

BUthe's  ranch 


.do. 


Spokane 

Orient 

Wenache 

Greenacres 

Tule  Lake 

Pechastin 

Wenache 

Clealum 

Thorp 

Power  plant,  Asotin. 

do 

North  Yakima 

Kiona 


Above  power  pipe,  Clark- 
son. 

do 

do 


Below  power  pipe,  riarlraon 

EUensburg 

North  Yakima 


do.... 

do.... 

do.... 

Pechastin. 


Cashmere 

North  Yakima. 
do 


.do. 


Width. 


Feet. 


Area 

of 

section. 


125 
21 

4 

1.4 
24 
34 
84 

18 
8.7 


71 
108 

46 
254 

6.1 
237 


Square 
feet. 

66 

110 

6.2 

155 

257 

18.9 

1.9 

.7 

125 

126 

317 

12.7 
10.4 


187 
153 
1.8 

1.8 


6 

6.2 
5.8 
5.8 


14 


607 

1,185 

V* 

1,181 

27.1 

1,542 

2,&18 

223 

191 

.6 

.6 

4.6 

14.1 

9 

11.3 
11.3 

5.8 
11.6 

3.1 

3.6 
7.5 

14.3 

33 

13.7 
11.9 

24 

28 


Mean 


ity. 

Ft.  per 
second. 

*1.64 

1.06 

1.11 

1.33 

.82 
1.69 
2.12 

.90 
3.29 
3.21 
2.08 

.66 
3.46 


Gage       Dis- 
heignt.  charge 


2.86 
.67 
5.46 
.62 
1.72 
6.35 
4.98 
l.g8 
2.70 
1.30 

1.27 
1.01 
1.31 

4.06 

2.63 
3.76 
2.8:} 
1.23 
1.02 

1.34 

1.23 

.81 

1.62 

3.08 
1.21 
1.85 

1.01 


Feet. 


15.7 


10.3 
24.36 


4.52 


Second 
feet. 

108 

116 

6.9 
206 
210 
32 

4.1 
.6 
410 
403 
661 

8.4 
36 

9.9 

1,739 
674 
521 
727 
46.7 
10,830 
13,140 
442 
515  ' 
.8 

.8 

4.7 

18.5 

37 

30 
43 
16.3 
14.3 
3.2 

4.8 
9.2 

12.9 

60 

42 

14.5 

44 

28 


a  Weir. 
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PUGET  SOUND  DRAINAGE  BASIN. 

For  convenience  in  arrangement,  the  smaller  rivers  which  have  their 
headwaters  on  the  western  slope  of  the  Cascade  Range  and  which  flow 
into  Puget  Sound  north  of  Seattle  have  been  grouped  as  the  Puget 
Sound  drainage.  Of  these,  White  River  has  its  source  near  Mount 
Rainier  and  flows  into  Puget  Sound  near  Seattle,  Wash.  Cedar  River 
is  a  tributary  of  Black  River.  Snoqualmie  and  Skykomish  rivers 
unite  to  form  the  Snohomish,  which  flows  into  the  Sound  about  10 
miles  beyond  the  junction,  near  Everett,  Wash.  The  Stilaguamish  lies 
north  of  the  Skykomish  and  has  a  parallel  course.  The  results  of  the 
data  collected  in  Puget  Sound  drainage  basin  are  given  on  the  follow- 
ing pages: 

CEDAR   RIVER    NEAR   RAVENSDALE,  WASH. 

This  station  is  located  at  the  intake  of  the  Seattle  waterworks  and 
is  15  miles  below  Cedar  Lake,  4  miles  from  the  Northern  Pacific  Rail- 
way at  Ravensdale  and  6  miles  from  the  Columbia  and  Puget  Sound 
Railway  at  Maple  Valley.  The  station  was  established  September  27, 
1902,  by  T.  A.  Noble.  The  gage  is  a  plain  staflF  graduated  to  feet  and 
hundredths,  to  which  is  attached  a  hook  gage  and  vernier  reading  to 
thousandths.  When  this  gage  reads  zero  the  hook  is  level  with  the 
crest  of  the  dam.  It  is  fastened  securely  to  the  head  gates  above  the 
dam,  and  is  read  daily  by  George  Landsburg.  The  bench  mark  is  the 
crest  of  the  dam.  The  elevation,  from  city  levels,  of  the  south  end  is 
535.831  feet  and  of  the  north  end  535.840  feet.  The  gagings  at  this 
station  are  made  at  two  points.  The  first  is  142  feet  below  the  dam, 
where  the  cross  section  is  small,  the  current  rapid,  and  suitable  for 
gaging  the  stream  at  stages  below  1  foot  on  the  gage.  The  measure- 
ments at  this  point  are  made  from  a  cable.  The  initial  point  for 
soundings  is  on  the  right  bank.  The  channel  is  straight.  The  right 
bank  is  steep,  the  left  bank  has  a  sloping  gravelly  beach,  and  the  bed 
of  the  stream  is  rocky.  At  all  stages  of  the  river  above  1  foot  on  the 
gage  the  measurements  are  made  from  a  cable  located  600  feet  above 
the  dam,  where  the  cross  section  is  large  and  suitable  for  gaging  the 
higher  stages  of  the  river.  The  initial  point  for  soundings  is  a 
spike  driven  into  the  top  of  a  hemlock  stump  about  12  inches  in  diam- 
eter near  the  edge  of  the  water.  The  right  bank  is  a  sloping  sand^' 
beach ;  the  left  bank  is  steep  and  of  hardpan  formation.  The  bed  is 
permanent — rocky  near  the  right  bank,  and  of  sand  and  gravel  near 
the  left  bank. 

To  the  discharge  measurements  made  below  the  dam  should  be 
added  the  amount  of  water  flowing  into  the  gravity  system  which 
supplies  the  city  of  Seattle.  This  varies  from  34  to  37  second-feet. 
The  discharge  of  this  pipe  line  was  measured  during  the  winter  of 
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1901-2  by  T.  A.  Noble,  and  the  results  have  been  published  in  Vol- 
ume XLIX,  page  112,  Transaction  of  the  American  Society  of  Civil 
Engineers. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

Discharge  meastaremerU  of  Cedar  River  near  RavenadaUy  Wash.,  in  1904- 


Date. 


Hydrographier. 


August  23 G.  F.  Harley. 


Width. 

■I 

i  Feet. 

73 


Area  of 
section. 


Sq.  feet. 
105 


Mean 
velocity. 


QasB     i      Dia- 
height.  I  charge. 


Ft.  per  sec. 
1.23 


Feet. 
0.45 


Sec.-feet. 
*166 


d  Qaged  below  the  dam;  36  second-feet  added  for  city  pipe. 
Mean  daUy  gage  heightt  in  feet,  of  Cedar  River  near  RavensdaU^  Wash.,  for  1904- 


I 

Day. 

Jan. 

Feb. 

1.68 
1.62 
1.58 
1.50 
1.56 
1.55 
1.50 
1.44 
1.39 
1.37 
1.33 
1.24 
1.29 
1.28 
1.28 
1.26 
1.24 
1.23 
1.20 
1.18 
.91 
1.06 
1.37 
1.34 
1.30 
1.28 
1.26 
1.24 
1.23 

Mar. 

1.20 
1.17 
1.16 
1.18 
1.30 
1.38 
1.61 
1.65 
1.21 
1.52 
1.40 
1.45 
1.43 
1.40 
1.38 
1.36 
1.34 
1.34 
1.32 
1.32 
1.28 
1.26 
1.24 
.89 
1.20 
1.20 
1.16 
1.21 
1.25 
1.26 
1.24 

1 

Apr. 

1.21 
1.19 
1.20 
1.19 
1.41 
1.41 
1.37 
1.34 
1.36 
1.43 
1.41 
1.66 
1.77 
1.81 
1.81 
1.93 
1.94 
1.95 
1.99 
2.00 
2.22 
2.20 
2.06 
1.93 
1.82 
1.82 
1.84 
1.89 
2.06 
2.01 

May. 

1.90 
1.78 
1.65 
1.61 
1.54 
1.51 
1.60 
1.56 
1.54 
1.51 
1.51 
1.49 
1.48 
1.50 
1.49 
1.49 
1.49 
1.52 
1.69 
1.72 
1.66 
1.75 
1.80 
1.79 
1.72 
1.63 
1.60 
1.57 
1.56 
1.57 
1.57 

June. 

1.49 
1.54 
1.66 
1.77 
1.77 
1.71 
1.63 
1.49 
1.35 
1.39 
1.36 
1.33 
1.33 
1.36 
1.40 
1.67 
1.55 
1.54 
1.54 
1.50 
1.49 
1.48 
1.49 
1.48 
1.46 
1.45 
,     1.43 
1.40 
1.39 
1.38 

July. 

Aug. 

0.69 
.58 
.52 
.53 
.50 
.51 
.60 
.60 
.49 
.49 
.49 
.49 
.48 
.48 
.47 
.47 
.46 
.46 
.45 
.45 
.44 
.45 
.45 
.44 
.44 
.43 
.43 
.45 
,       .48 
.45 
.43 

Sept. 

0.46 
.44 
.43 
.43 
.43 
.42 
.43 
.45 
.47 
.44 
.43 
.58 
.58 
.55 
.45 
.42 
.42 
.41 
.42 
.60 
.56 
.56 
.55 
.52 
.49 
.46 
.44 
.42 
.41 
.40 

Oct. 

0.41 
.40 
.40 
.40 
.41 
.40 
.39 
.39 
.40 
.39 
.43 
.41 
.40 
.39 
.38 
.42 
.44 
.42 
.41 
.40 
.39 
.38 
.38 
.38 
.37 
..38 
.36 
.37 
.37 
.38 
.38 

Nov. 

1 

0.38 

.38 

.38 

.37 

.37 

.38 

.43 

.42 

.41 

.39 

.37 

.37 

.37 

.37 

.38 

.40 

.43 

.54 

.68 

1.09 

1.48 

1.29 

.94 

.97 

1.26 

1.31 

1.35 

1.57 

1.64 

1.53 

Dec. 

1 

2 

3 

4 

5 

6 

7 

1.53 
1.50 
1.48 
1.50 
1.46 
1.42 
1.40 
.00 
.94 
1.75 
1.66 
1.98 
2.18 
2.38 
2.66 
2.54 
2.33 
2.17 
1.96 
1.88 
1.79 
1.91 
1.80 
1.00 
1.84 
1.88 
1.84 
1.81 
1.76 
1.72 
1.68 

1.36 

1.36 

1.33 

1.29 

1.28 

1.22 

1.24 

1.22 

1.19 

1.16 

1.19 

1.10 

1.07 

1.06 

1.04 

1.01 

.91 

.90 

.90 

.90 

.81 

.70 

.61 

.82 

.81 

.79 

.77 

.78 

.76 

.74 

.72 

1.45 
1.33 
1.19 
1.11 
1.10 
.90 
.92 

8 

.90 

9 

.89 

10 

.88 

11 

.88 

12 

13 

.92 
1.04 

14 

1.33 

15 

16 

17 

2.15 
2.10 
2.07 

18 

1.96 

19 

2.23 

20 

21 

2.09 
1.97 

22 

1.90 

23 

1.74 

24 

1.51 

25 

28 

1.37 
1.26 

27 

1.18 

28 

1.16 

29 

1.62 

30 

1.75 

31 

1.67 

278 


STREAM   MEASUREMENTS   IN   1904,  PART   XII. 


[xo.  V& 


Rating  table  for  -Cedar  River  near  Ravensdcde,  Wash,  f  from  September  SJ^  1902,  to  December 

81,  1904. 


hei^t.    I  I>i«charge. 


Feet. 

8econd-/eet. 

0.4 

177 

.5 

235 

.6 

294 

.7 

354 

.8 

414 

.9 

476 

1.0 

538 

1.1 

600 

1.2 

664 

1.3 

729 

G 
he 


t. 


Discharge.  I    heitS.    |  Discharge. 


Feet. 
1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

2.1 

2.2 

2.3 


Gaae 
teiffht. 


heig' 


Second-/eet. 
795 

861 

927 

995 

1,065 

1,145 

1,235 

1,335 

1,435 

1,535 


Feet. 
2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

3.0 

3.2 

3.4 

3.6 


Second-Jeet. 
1,640 

1,750 

1,860 

1,980 

2,100 

2,220 

2,340 

2,580 

2,820 

3,060 


Feet. 
3.8 

4.0 

4.2 

4.4 

4.6 

4.8 

5,0 

5.2 

5.4 

5.6 


Dischafige. 

8econd-/eet. 
3,300 

3,540 

3,780 

4,020 

4,260 

4,500 

4,740 

4,980 

5,220 

5,460 


The  above  table  is  applicable  for  open-channel  conditions  only.  It  is  based  on  13  dis- 
charge measurements  made  during  1902-1904.  It  is  fairly  well  defined  to  2.70  feet  gage 
height.  The  table  has  been  extended  above  2.7  feet.  The  rating  table  gives  diachaigp 
at  the  upper  section,  above  the  intake  of  Seattle  water-supply  system. 

Estimated  monthly  discharge  of  Cedar  River  near  Ravensdale,  Wash.,  for  1904. 


Discharge  in  Beoond-feet. 


Month. 


January. . . 
February. . 

March . 

April 

May 

June 

July 

August 

September. 

October 

November. 
December - 


The  year , 


i  Maximum. 

I 

I    1,932 
981 
961 
1,455 
1, 145 
1,044 
769 
348 
•   294 
200 
954 
1,385 

1,932 


Minimum. 

Mean. 

476 

1,099 

482 

757 

470 

732 

658 

1,021 

848 

933 

749 

858 

300 

541 

194 

226 

177 
154 
160 
464 

1,':4 


217 
174 
387 
835 


648 


Totalis 
acre-feet. 


67,580 
43,540 
45, 010 
60,750 
57,370 
51,060 
33,260 
13,900 
12,910 
10,700 
23,030 
51,340 

470. 4O0 


SKYKOMISH    RIVER  (SOUTH    FORK)  NEAR    INDEX,  WASH. 

This  station  was  established  October  6,  1902,  by  T.  A.  Noble.  It 
is  located  about  2  miles  above  Index  and  about  300  feet  from  the  rail- 
road track.  The  gage  is  a  plain  staff  graduated  to  feet  and  tenths. 
A  hook  gage  is  used  for  reading  to  hundredths  of  a  foot.  Read- 
ings are  made  daily  by  Louis  G.  Heybrook.  The  gage  is  fastened 
by  means  of  plugs  driven  in  drill  holes  in  the  solid  rock.     The  bench 
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mark  is  a  cross  cut  in  the  rock  about  6  feet  above  low  water  and  40 
feet  downstream  from  the  gage.  Its  elevation,  as  obtained  from  the 
Great  Northern  Railway,  is  679.158  feet.  The  elevation  of  the  zero 
of  the  gage  is  669.926  feet.  The  initial  point  for  soundmgs  is  on  the 
left  bank  at  a  plug  driven  in  the  soUd  rock  10  feet  from  the  edge  of 
stream  at  low  water.  The  gagings  are  made  from  a  cable.  The 
channel  is  straight  for  500  feet  above  and  300  feet  below  the  sta- 
tion. Both  banks  are  of  solid  rock  and  are  not  liable  to  overflow. 
The  bed  of  the  stream  is  of  sand  and  gravel,  not  Uable  to  change 
except  near  the  left  bank,  where  the  sand  shifts  at  high  water.  This 
does  not  cause  any  important  change  in  the  cross  section.  This  sta- 
tion is  300  feet  upstream  from  Sunset  Falls,  where  the  river  plunges 
down  a  solid  granite  ledge  with  a  slope  of  about  two  horizontal  to  one 
vertical.  '  The  ledge  answers  the  purpose  of  a  spillway  in  regulating 
the  flow  of  the  river  at  the  gaging  station,  since  the  water  has  a  free 
discharge  and  a  permanent  bed  just  below  the  station. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 

MeandaUygage  height  ^  in  feet  y  ofSkykomish  River  {South  Fori)  near  Index,  Wash.,  for  190^. 


Day. 

Jan. 
3.05 

Feb. 
2.60 

Mar. 
2.05 

Apr. 
2.45 

May. 
5.90 

June. 
6.55 

July. 
7.00 

Aug. 

Sept. 
1.20 

Oct. 
1.30 

Nov. 

Dec. 

I 

2.85 

1.40 

6.30 

2 

2.20 

2.50 

1.95 

2.80 

5.40 

6.70 

6.50 

2.85 

1.20 

1.10 

1.65 

4.65 

3 

2.80 

2.«5 

2.00 

2.80 

5.40 

7.90 

6.65 

2.60 

1.15 

1.00  . 

1.90 

4.00 

4 

3.20 

2.70 

1.90 

2.85 

5.45 

7.35 

6.10 

2.60 

1.30 

.95 

1.55 

3.56 

5 

3.10 
3.00 
3.70 
4.40 
4.50 
4.10 

2.85 
2.85 
2.70 
2.50 
2.40 
2.20 

2.30 
4.20 
7.30 
7.30 
5.90 
5. 75 

3.85 
4.60 
3.90 
3.50 
4.15 
5.80 

5.60 
4.90 
5.00 
4.60 
4.40 
4.60 

7.95 
8.00 
6.50 
5.80 
6.40 
6.00 

6.60 
6.35 
6.10 
5.60 
5.60 
6.66 

2.65 
2.50 
2.46 
2.40 
2.15 
2.00 

1.35 
1.40 
1.40 
1.40 
1.40 
1.65 

.90 
.80 
.70 
.65 
.60 
.55 

1.40 
1.30 
2.25 
2.60 
1.96 
1.70 

3.30 

6 

3.00 

7 

2.86 

8 

2.76 

9.         .     . 

2.50 

10 

2.40 

11 

f>.00 
5.00 
9.50 
10.60 
7.50 
6.35 
5.85 
5.20 

2.15 
2.20 
2.10 
2.00 
1.90 
1.85 
1.90 
1.80 

4.80 
3.40 
3.25 
3. 15 
2.95 
2.90 
2.90 
2.85 

6.95 
8.25 
9.45 
9.60 
7.ft5 
7.65 
6.85 
6.75 

4.56 
4.90 
5.60 
6.55 
6.10 
5.70 
5.95 
6.85 

5.60 
6.05 
6.10 
7.30 
7.36 
7.20 
6.70 
8.30 

5.35 
5. 10 
4.35 
3.90 
4.10 
4.20 
4.85 
4.30 

1.90 
1.85 
1.80 
1.85 
!.«» 
1.80 
1.75 
1.65 

1.80 
1.00 
.95 
.95 
.90 
.90 
.00 
.90 

l.fO 
2.  CO 

i.':o 

1.40 
.95 
1.36 
1.80 
1.46 

1.3,5 
1.20 
1.15 
1. 15 
2.80 
3.20 
5.80 
4.40 

2.85 

12 

2.80 

1.*? 

3.30 

14 

8.80 

15  . 

9.10 

16 

7.30 

17 

7.46 

IH 

8.20 

19 

5.55 
4.00 

1.90 
1.85 

2.70 
2.65 

6.90 
7.10 

6.55 
6.40 

7.10 
6.65 

3.8?> 
3.90 

1.65 
1.55 

.85 
.80 

1.70 
1.50 

7.40 
9.25 

8.50 

20 

6.15 

21 

3.85 

2.40 

2.60 

7.20 

7.25 

6.50 

3.96 

1.60 

.70 

1.45 

9.45 

5.36 

22 

3.70 
3.35 

2.80 
3.35 

2.60 
2.35 

6.50 
5.90 

7.90 
7.50 

6.20 
5.65 

4.a5 
3.75 

1.40 
1.35 

.90 
.90 

1.40 
1.40 

10.60 
7.00 

4.40 

23 

4.20 

24 

'    3.75 

2.85 

2.20 

5.25 

7.10 

5.10 

3.40 

1.30 

.85 

1.26 

5.35 

3.75 

2.> 

2.45 

2.55 

2.10 

5.20 

6.45 

5.20 

3.25 

1.25 

.80 

1.15 

6.80 

3.36 

26 

3.20 

2.35 

2.00 

5.40 

6.55 

6.00 

3.20 

1.25 

.80 

1.05 

6.15 

3.16 

27 

3.60 

2.40 

1.95 

7.30 

6.95 

6.40 

3.35 

1.20 

.80 

.95 

7.20 

2.90 

28 

2.90 

2.25 

1.95 

8.10 

7.36 

6.80 

3.06 

•     1.40 

.80 

.90 

7.60 

3.20 

29 

2.75 

2.20 

2.30 

8.90 

7.10 

7.00 

3.00 

1.60 

2.10 

.70 

6.40 

3.60 

30 

2.70 
2.60 

2.70 
2.50 

6.60 

7.05 
6.50 

7.46 

2.60 
2.76 

1.40 
!     1.25 

1.50 

1.00 
1.80 

6.30 

4.40 

31 

4.15 
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Rating  table  for  SJcykomish  River  {Souih  Fork)  near  Index ,  Wash.,  from  January  1   to 

December  SI,  190 Jt. 


1 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Feet. 

1 

Discharge. 
Second-feet. 

he'i^. 
Feet. 

Discharge. 
Second-feet. 

Gage 
height. 

Feet. 

Discharige. 

Feet. 

Secondrfeet 

0.40 

340 

1.90 

810 

3.40 

1,550 

5.60 

3,045 

.50 

360 

2.00 

855 

3.50 

1,605 

5.80 

3,2a5 

.60 

385 

2.10 

900 

3.60 

1,660 

6.00 

3, 375 

.70 

410 

2.20 

945 

3.70 

1,715 

6.20 

3,555 

.80 

435 

2.30 

990 

3.80 

1,775 

6.40 

3,740 

.90 

460 

2.40 

1,035 

3.90 

1,835 

6.60 

3,930 

1.00 

490 

2.50 

1,080 

4.00 

1,900 

6.80 

4,130 

1.10 

520 

1      2.60 

1,130 

4.20 

2,035 

7.00 

4,340 

1.20 

550  1 

2.70 

1,180 

4.40 

2,175 

7.50 

4,890 

1.30 

580  1 

2.80 

1,230 

4.60 

2,315 

8.00 

5,450 

1.40 

615 

2.90 

1,280 

4.80 

2,455 

8.50 

6,050 

1.50 

650  ' 

3.00 

1,330 

5.00 

2,595 

9.00 

6,670 

1.60 

685  1 

3.10 

1,385 

5.20 

2,740 

,       9.50 

7.320 

1.70 

725 

3.20 

1,440 

5.40 

2,890 

j     10.00 

7,970 

1.80 

765  1 

3.30 

1.495 

The  above  tabic  is  applicable  only  for  open-channel  conditions.  It  is  based  upon  12  dis- 
charge measurements  made  during  1902  and  1903.  It  is  wcW  defined  between  gage  heights 
1 .20  feet  and  8.60  feet.  The  table  has  been  extended  b?yond  these  limits.  Above  gage 
bright  8.80  feet  the  rating  curve  is  a  tangent,  the  differenca  being  130  per  tenth.  This 
is  a  revision  of  the  1903  table. 

Estimated  monthly  discharge  of  SkyJcomish  River  {South  Fork)  near  Index,  Wash.,  for  19*1'^. 


Discharge  in  second-feet. 


Month. 


Maximum.     Minimum. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

Nov^ember 

December 

The  3'ear , 


8,750 
1,522 
4, 670 
7,450 
5,330 
5,  810 
4,340 
1, 255 
900 
855 
8,750 
6,800 

8,750 


945 

765 

810 

1,058 

2,175 

2,665 

1,058 

550 

410 

372 

535 

1,035 

372 


Mean. 

2,321 
1,027 

i,5:» 

3,682 

3,518 

4,047 

2,382 

805 

532 

553 

2,552 

2,525 


Total  in 
ftcn^feet. 


142,  71W) 

59.  070 

94.  (ISO 

219.  KM) 

216,  :«¥) 

240.  S0() 

146.  501 » 

49.  5(10 

31,64)0 

34,000 

151,900 

155. 300 


2,123     1,541.000 
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SNOQUALMIE   RIVER   NEAR    SNOQUALMIE    FALLS,  WASH. 

This  station  was  originally  established  by  T.  A.  Noble  on  September 
14,  1902.  The  gage  was  then  located  below  the  falls,  but  was 
destroyed  by  the  flood  of  December  1,  1902.  On  November  2  another 
gage  was  placed  about  3  miles  above  Snoqualmie  Falls  post-office. 
The  gage  consisted  of  a  plain  staff  graduated  to  feet  and  tenths,  and 
reading  to  hundredths  of  a  foot  by  means  of  a  hook  gage.  The  eleva- 
tion of  the  zero  on  the  gage  was  assumed  to  be  100.00  feet.  The 
gage  was  fastened  to  an  alder  tree.  January  3,  1903,  this  gage  was 
washed  out  and  on  January  7  was  replaced  by  a  gage  in  two  parts,  7 
and  8  feet  long,  respectively.  The  elevation  of  the  zero  of  the  gage  is 
100.06  feet.  The  bench  mark  is  on  a  large  maple  stump  on  the  right 
bank.  It  consists  of  a  spike  driven  into  the  stump  about  4  feet  from 
the  ground.  Its  elevation  is  127.89,  or  27.83  feet  above  the  zero  of  the 
gage.  This  is  also  the  initial  point  for  the  soundings.  The  right 
bank  is  high  and  never  overflows;  the  left  bank  overflows  at  extreme 
high  water.  The  bed  of  the  stream  is  of  gravel  and  sand  and  is  not 
liable  to  shift.  The  station  is  located  below  the  junction  of  the  north, 
south,  and  middle  forks  of  the  Snoqualmie  River.  At  Snoqualmie 
Falls,  about  4  miles  below  this  station,  the  river  flows  over  a  precipice 
268  feet  high.  Above  the  falls,  the  Snoqualmie  Falls  Power  Company 
has  built  a  dam  and  water-power  plant.  The  slack  water  from  this 
dam  reaches  back  from  the  faDs  about  3  miles  and  probably  affects  the 
flow  of  the  river  sUghtly  at  the  gaging  station.  This  is  the  onl}^  pos- 
sible location  for  a  gaging  station  which  will  include  all  three  forks  of 
the  river. 

On  August  14,  1902,  the  dam  below  the  station  was  raised  4  feet, 
backing  up  the  water  on  the  gage.  This  affected  the  gage  height 
from  August  14  to  October  5,  1903,  at  which  time  the  dam  was 
washed  out. 

The  observations  at  this  station  during  1904  have  been  made  under 
the  direction  of  T.  A.  Noble,  district  engineer. 
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Mean  daUy  gage  heighiy  infeety  of  Snogualmie  River  near  SnoquoHmie  Falls,  Wa^.,for  1904- 


Day. 

Jan. 

3.40 
3.40 
3.15 
3.55 
3.20 
3.10 
4.00 
4.70 
4.60 
4.35 
4.30 
10.65 
10.75 
12.45 
5.65 
6.40 
5.95 
5.15 
4.25 
4.00 
4.00 
4.10 
4.15 
3.90 
3.80 
3.50 
3.30 
3.10 
3.00 
2.85 
2.75 

Feb. 

2.80 
2.60 
2.55 
2.75 
3.15 
3.10 
2.90 
2.75 
2.60 
2.35 
2.35 
2.40 
2.40 
2.35 
2.30 
2.35 
2.20 
2.15 
2.10 
2.10 
2.10 
4.50 
4.10 
3.45 
3.10 
2.80 
2.70 
2.60 
2.55 

Mar. 

Apr. 

3.20 
3.20 
3.15 
3.10 
3.70 
5.25 
4.00 
4.20 
4.30 
4.90 
5.00 
8.45 
9.80 
9.50 
8.50 
7.30 
6.05 
5.85 
5.10 
6.20 
6.90 
6.00 
5.20 
4.65 
4.50 
4.55 
5.40 
6.65 
7.00 
6.00 

May. 

4.70 
4.40 
4.40 
4.45 
4.30 
4.10 
4.00 
3.95 
3.65 
3.70 
3.85 
4.20 
4.90 
5.75 
5.20 
4.45 
4.75 
5.00 
5.85 
5.50 
6.20 
6.10 
6.00 
5.60 
5.00 
5.15 
5.70 
5.70 
5.60 
5.60 
5.45 

June. 

5.20 
5.00 
5.15 
5.50 
6.00 
6.25 
5.70 
4.35 
4.35 
4.55 
4.75 
4.80 
5.25 
5.40 
5.35 
5.40 
6.40 
6.45 
6.10 
6.25 
5.40 
5.00 
4.55 
3.90 
4.00 
4.40 
4.85 
5.10 
5.35 
5.60 

July. 

5.60 
5.65 
5.25 
4.65 
4.30 
4.10 
4.00 
3.70 
3.65 
3.60 
3.20 
2.80 
2.70 
2.70 
2.70 
3.25 
3.20 
2.90 
2.80 
2.80 
2.80 
2.80 
2.76 
2.65 
2.40 
2.30 
2.20 
2.05 
2.00 
1.90 
1.90 

Aug. 

1.05 

1.90 

1.85 

1.75 

1.65 

1.65 

1.65 

1.60 

1.50 

1.40 

1.30 

1.20 

1.20 

1.20 

1.20 

1.20 

1.15 

1.10 

1.10 

1.05 

1.00 

.95 

.90 

.90 

.85 

.85 

.85 

.95 

1.10 

1.05 

1.00 

Sept. 

1.00 
.95 
.80 
.80 
.80 
.80 
.80 
.90 
1.00 
1.00 
.90 
.80 
.75 
.75 
.70 
.65 
.60 
.00 
.60 
.60 
.55 
.60 
.65 
.60 
.60 
.55 
.50 
.70 
1.60 
1.50 

Oct.      Nov. 

1.10       1.60 

1.00       1.60 

.90       1.65 

.80       1.80 

.70       1.55 

.65       1.00 

.60       1.75 

.55       2.10 

.65       2.00 

.70       1.70 

.80       1.45 

1.75       1.35 

1.70       1.40 

1.30       1.20 

1.05       1.50 

1.75       3.00 

2.70       4.20 

2.00       3.90 

1.95       3.50 

1.90     12.80 

1.85     10.x 

1.80       9.55 

1.45|    6.45 

1.30       6.55 

l.X  <    6.80 

1.05     6.  as 

.90  1    6.70 

.90       6.30 

.85  '     5.65 

1.00       4.60 

1.55    

1 

Dec. 

1 

2.40 
2.25 
2.30 
2.55 
3.45 
5.20 
8.30 
6.80 
5.30 
4.55 
4.05 
3.70 
3.45 
3.30 
3.05 
2.90 
2.90 
2.85 
2.90 
2.90 
2.70 
2.60 
2.45 
2.30 
2.20 
2.10 
2.05 
2.60 
3.35 
3.30 
3.25 

4.30 

2 

4.05 

3 

3.60 

4 

3.25 

5 

2.70 

6 

2.70 

7 

8 

2.50 
2.J0 

9 

2.00 

10 

11 

12 

3.35 
3.15 
2.85 

13 

2.90 

14 

4.60 

15 

10.30 

16 

6.95 

17 

6.35 

18 

5.25 

19 

5.25 

20 

5.20 

21 

O.20 

22 

4.70 

23 

4.10 

24 

3.60 

25 

3.30 

26 

3.15 

27 

3.25 

28 

5.33 

29 

7.15 

30 

6.20 

31 

4.75 

BOSS,  WHI8TLKB, 
AND  NOBLE. 
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Rating  table  for  Snoqualmie  River  near  Snoqxiolmie  Falls ,  Wash.,  from  January  1  to 

December  31,  1904. 


Oase 
height. 

Diach«ii^. 
'  Sectmdr-feet. 

1 

Oaw) 
height. 

Feet. 

Dincharge. 
,  Second-feet. 

(}aia!i 
height. 

Diaehaigi*. 
Secondrfeet. 

(iage 
h^ht. 

Feet. 

Discharge. 
Seeond-Jeet. 

Feet. 

1      Feet. 

1 

0.50 

570 

2.40 

1,200 

4.30 

2,505 

7.40 

6,330 

.60 

590 

2.50 

1,250 

4.40 

2,690 

1      7.60 

6,610 

.70 

610 

2.60 

1,300 

4.50 

2,790 

7.80 

6,890 

.80 

630 

2.70 

1,360 

4.60 

2,890 

8.00 

7,170    = 

.90 

660 

2.80 

1,420 

4.70 

2,990 

8.50 

7,870 

1.00 

670 

2.90 

1,480 

4.80 

3,090 

9.00 

8,570 

1.10 

690 

3.00 

1,540 

4.90 

3,190 

9.50 

9,270 

1.20 

710 

3.10 

1,610 

5.00 

3,290 

10.00 

9,970 

i.ao 

730 

3.20 

1,680 

5.20 

3,510 

10.50  ' 

10, 670 

1.40 

760 

3.30 

1,750 

5.40 

3,730 

11.00 

11,370 

l.dO 

790 

3.40 

1,830 

5.60 

3,970 

12.00 

12,770    , 

1.60 

830 

3.50 

1,910 

5.80 

1 

4, 210 

13.00  , 

14,170  ; 

1.70 

870 

1      3.60 

1,990 

6.00 

1 

4,450 

14.00 

15,570 

1.80 

910 

3.70 

2,070 

6.20 

4,710 

15.00 

16,970 

1.90 

950 

3.80 

2,150 

6.40 

4,970 

16.00  ; 

18,370 

2.00 

1,000 

3.90 

2,235 

6.60 

5,230 

17.00  1 

19,770 

2.10 

1,050 

4.00 

2,325 

6.80 

5,490 

18.00  ' 

21, 170 

1 

2.20 

1,100 

4.10 

2,415 

7.00 

5,770 

19.00 

22,570    1 

2.30 

1,150 

4.20 

2,505 

7.20 

6,050 

20.00 

23,970    ' 

1 

The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  upon 
discharge  measurements  made  during  1902-1903.  It  is  well  defined  to  gage  hei^t  8.70 
feet.  Above  gage  height  6.80  feet  the  rating  curve  is  a  tangent,  the  difference  being 
140  per  tenth. 
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Estimated  morUfdy  discharge  of  Snoqualmie  River  near  Snoqualmie  Falls ,  Wash. ,  for  190^. 


Month. 


.  Discharge  in  second-feet. 


Maximum. 


January I       13,  400 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Minimum. 


The  year 


13,400 

1,390 

2,790 

1,050 

7,590 

1,025 

9,690 

1,610 

4,710 

2,030 

4,970 

2,235 

4,030 

950 

975 

640 

830 

570 

1,360 

580 

13,890 

710 

10,390 

1,250 

Mean. 


3,298 
1,394 
1,961 
4,215 
3,288 
3,567 
1,799 
741 

6ao 

764 
3,(^ 
2,S87 


Total  in 
acre-feet. 


202,300 

80,180 

120,600 

250,800 

202.200 

212,200 

110,600 

45,600 

37,500 

46,400 

181,800 

177,500 


13,890 


570 


2,299     1,668,000 


MISCELLANEOUS    MEASUREMENTS    IN   PUGET   SOUND   DRAINAGE    BASIN. 

The  following  miscellaneous  discharge  measurements  were  made  in 
the  Puget  Sound  drainage  basin  in  1901  and  1903  by  J.  H.  Cunning- 
ham, C.  E.,  of  Portland,  Oreg. : 

» 

MisceUaneous  measurements  in  Puget  Sound  drainage  hasin. 


Date. 


Aug.  23 

Sept.  1 

Sept.  7 

Oct.  8 

July  21 

Oct.  4 

Sept.  19 

Oct.  7 

Sept.  15 

Jan.  18 

Feb.  23 

July  28 

Aug.  26 

Sept.  17 

Oct.  6 


1901 

1901 

1901 

1901 

1901 

1901 
1901 

1901 
1901 

1903 
1903 
1901 
1901 
1901 
1901 


stream. 


Locality. 


Green  River 

do 

do 

do 


Oase 
lelgnt. 


helgl 


Dis- 
ehaifpe. 


Feet. 


Kanasket,  Wash 

....do 

....do 

....do 

Nesqually  River ,  1  mile  al)ove  Elbe,  Wash . . 

do , do 

do I  Highway  bridge  near  Yelm 

rrairie.  Wash. 

do , do , 


0.0 


.0 


Puyallup  River. . 

do 

do 

Skykomish  River, 

do 

do 

White  River 


Puget  Sound  Power  Co.'s 
gaging  station.  Wash. 

do 


do. 


.0 

.8 

.0 
8.0 


Sec-feet. 
350 

238 

196 

179 

773 

352 
565 

483 
304 

250 
9,560 


2  miles  above  Index,  Wash 2, 047 

do w I  942 

I 

do .0  606 

Buckley ,  Wash I  517 


INDEX. 


A. 


Ablqua  Creek.  Oreg. 

discharge    274 

Alder  Creek,  Idabo. 

dtscharffe   271 

American  River  near — 

Nlles.  Wash. : 

discharge 275 

Antelope  Creek,  Idaho. 

discharge    272 

Asotin.  Wash. 

Asotin  Creek  near : 

description 2.37-238,  2:{0 

discharge 238,230 

gage  heigh  ts 2; JH-2.30.  240 

Asotin  Land  and  Water  Com- 
pany's canal  at : 
dlschfirgc 275 

Asotin  Creek  near — 
Asotin.  Wash. : 

description 237-2.38,2,10 

discharge 2.38,230 

gage  heights    238-230,  240 

Asotin  Land  and  Water  Company's 
cnnal  at — 
Asotin.  Wash. : 

discharge 275 

Aster  Creek,  Idaho. 

discharge 270 

Ataniim  Creek  near — 

North  Yakima.  Wash. : 

description    105-100 

discharge 100 

discharge,  monthly 107 

gage  heights lOG 

rating  table 107 


B. 


Baker  City,  Oreg. 

Powder  River  near : 

description 221 

discharge—- 222 

discharge,  month  :y' 223 

gage  heights 222 

rating  table 223 

B«ar  or  Little  Spring,  Idaho. 

discharge   _-_•_ 273 

Bend.  Oreg. 

Deschutes  River' near : 

description 260 

discharge *260 

gage  heights 260 


Page 
Big  Blackfoot  River  near — 

Bonner,  Mont. : 

description 32 

discharge 33 

discharge,  monthly  _• 34 

gage  heights 33 

rating  table 34 

Big  Lost  River  near — 

Mackay,  Idaho : 

description 187-188 

discbarge _.-  188 

discharge,  monthly 180 

gage  heights __  188 

rating  table 180 

Chilly,  Idaho: 

description 100 

discharge 100 

discharge,  monthly 102 

gage  heights 101 

rating  table 101 

Big  Payette  River  at — 

Big  Payette  Lake,  Idaho,  out- 
let: 

discharge    270 

Big  Spring,  Idaho. 

discharge   273 

Big  Wood  River  near — 

ijimlet,  Idaho : 

description 102 

discharge     103 

gage  heights 103 

Bitter  root  River  near — 

Grantsdale,  Mont. : 

description 35 

discharge 35 

discharge,   monthly 37 

gage  heights — ._   ._      .  36 

rating  table --__  .  .36 

Missoula,  Mont. : 

description .       37-.38 

discharge 38 

discharge,  monthly 40 

gage  heights 38-30 

rating  table  _-.    30 

Blackfoot  River  near — 

Presto.  Idaho : 

description 186 

discharge 186 

gage  belghtH    __   _ 187 

Blue  Springs,  Idaho. 

discharge   272 

Boise,  Idaho. 

Boise  River  near : 

description 100-200 

discharge  _ . .  201 

285 


286 


INDEX. 


Pajre. 
Boise,   Idaho — Continued. 

BoiRe  River  near — Cont'd. 

discharge,  monthly 202 

gage  heights 201 

rating  table 202 

Boise  River  near — 
Boise,  Idaho : 

description 199-200 

discharge 201 

discharge,  monthly 202 

gage  heights 201 

rating  table 202 

Bonner,  Mont. 

Big  Blaclcfoot  River  near : 

description 32 

discharge 33 

discharge,  monthly 34 

gage  heights 33 

rating  table 34 

Bonners  Ferry,  Idaho. 

Kootenai  River  near : 

description 25-27 

discharge 27 

gage  heights 27 

Broadgauge  canal  near — 
North  Yale  i ma.  Wash. : 

description 154 

discharge   154 

discharge,  mean  dally 155 

discharge,   monthly 155 

gage  heights 155 

Biiclcley,  Wash. 

White  River  at  : 

discharge 284 

Bully  Creelc  nt  and  near — 

Vale,  Oreg. : 

description .       211-212,213 

discharge   .    ._   212,214 

discharge,    monthly 215 

gage   heights 213,214 

West  fa  11,  Oreg. : 

discharge   __ 274 

Bumping  River  at — 

Bumping  Ignite.  Wash. : 

discharge 275 


C. 


l^abin  Creek,  Idaho. 

discharge   271 

(^abln  Creek  near — 

Enston,  Wash. : 

discharge 275 

Caldwell  Spring  No.  1,  Idaho. 

discharge 272 

Caldwell  Spring  No.  2,  Idaho. 

discharge    __ 272 

(^anals  In-  - 

Yakima  River  Valley,  Wash—  107-10J> 
Canals  taking  water  from — 

Yakima,   TIeton,    and    Naches 

rivers    1U5-100 

Canyon  Creek,  Idaho. 

discharge    273 


Page 

Carey,  Idaho. 

Little  Wood  River  near: 

description    193-1!>4 

discharge 104 

gage  heights 194-19;'> 

Cascade  canal  near — 
Thorp,  Wash. : 

description    100 

Cashmere,  Wash. 

Wenache     Canal     Company's 
canal  at : 

discharge 273 

Wenache  River  at: 

description    71-72 

discharge 72 

gage  heights 72 

Cedar  River  near — 

Ravensdale,  Wash. : 

description    27^277 

discharge 277 

discharge,  monthly 27S 

gage  heights 277 

rating    table 27R 

Chelan  River  below — 

Lake  Chelan,  Wash. : 

description    68-^ 

discharge 6I» 

discharge,    monthly 71 

gage  heights 80-70 

rating   table 70 

Chilly,  Idaho. 

Big  Lost  River  near  : 

description    190 

discharge 19** 

discharge,  monthly 192 

gage  heights 191 

rating  table 191 

Clark  canal  in — 

Yakima  River  Valley,  Wash. : 

data  concerning  146.  167-169,  275 
Clark  Pork  at — 

Priest  River,  Idaho : 

description    40-41 

discharge  41 

discharge,    monthly 43 

gage    heights __       41-42 

rating  table 42 

Clarkson,  Wash. 

Lewlston  Water  Power  Com- 
pany's canal  at : 

discharge 275 

Clealum,  Wash. 

Yakima  River  at — 

discharge 275 

Clealum  River  near — 

Lake  Clealum,  W^ash. : 

discharge 3^75 

Roslyn,  Wash. : 

description 92-93 

discharge 93 

discharge,  monthly 95 

gage  heights 93-94 

rating  table ^ 

Clearwater  River,  Idaho. 

discharge  -^^ 


INDEX. 
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Page. 
Cobb  and  Sinclair  canal.    Bee  Sin- 
clair and  Cobb  canal. 
Columbia  River  near — 
Pasco,  Wash. : 

description 24 

discharge 25 

Kai;e  helgbts 25 

Columbia  River  drainage  basin. 

description 21-24 

miscellaneous  measurements  _  270-275 
Colville  River  at — 

Kettle  Falls,  Wash. : 

discharge   275 

Conant  Creek,  Idalu). 

discharge   270 

(*oolie  Creek.  Idaho.  \ 

dlscliarge   273  I 

Cottonwood  Creek  at — 
Rock  Lake,  Wash. : 

discharge    275 

Cow  Creek  at  and  near — 
Hooper,  Wash. : 

description 251 

discharge 251 

Keystone,  Wash. : 

description ._.  250 

discharge    250 

gage  heights 250 

Cox  canal  in — 

Yakima  River  Valley,  Wash. : 

data  concerning  ___  146, 167-160 

Crab  l*reek  at  and  near — 
Wilson  Creek,  Wash. : 

description 73 

discharge   73 

gage  heights 73 

Odessa,  W^ash. : 

discharge 275 

Krupp,  Wash. : 

discharge   275 

Htratford,  Wash. : 

discharge      275 

Crescent  Creek,  Oreg. 

above  Deschutes  River : 

discharge   274 

at  outlet  Crescent  I^ake : 

discharge   274 

Crossport,  Idaho. 

Kootemii  River  at : 

gage  heights 28 

D. 

Davis  Creek,  Oreg. 

discharge   274 

Deer  Oeek,  Idaho. 

discharge 271 

l>ell,  Oreg.' 

Willow  Creek  near : 

description 216-217 

discharge .   _.    __  217 

discharge,  monthly 218 

gage  heights ^--  217 

rating  table _.-  218 


I'age. 
Deschutes  River,  Oregon. 

miscellaneous  measurements  of  274 

near  Bend,  Oreg. : 

description 269 

discharge 260 

gage  heights 269 

lieschutes  River  (Bast  Fork)  at — 
Odell,  Oreg. : 

description 269-270 

gage  heights 270 

Deschutes   River    (West   Branch), 
Oreg. 
at  Odell,  Oreg. : 

discharge   274 

at  Rosland,  Oreg. : 

discharge 274 

I>ry  Hollow  Creek,  Idaho. 

discharge   271 

Duck  Creek,  Idaho. 

discharge   273 

E. 

F:ii8t  Bald  Cabin  Springs,  Idaho. 

discharge   272 

Kaston,  Wash. 

Cabin  Creek  near : 

discharge   . 275 

Knchess  River  near : 

description 90 

discharge 90 

discharge,  monthly 92 

gage  heights 91 

rating  table 91 

Ynklma  River  at : 

description 76-77 

discharge — _-  77 

discharge,  monthly 79 

gage  heights 77-78 

rating  table 78 

Fvdwards  (*reek.  Idaho. 

discharge .-. 271 

VAhe,  Wash. 

Ncsqually  River  neiir  : 

discharge 284 

TCMwrton.  Wiish. 

Palouse  River  at : 

description 240-241 

discharge   __      _    241 

discharge,  monthly  .  .      _  243 

gage  heights __  2*41-242 

rating  table ..   __  242 

Rlgin.  Oreg. 

firande  Ronde  River  at : 

description       .    -. .    226-227 

discharge   _    -    _,    227 

discharge,  monthly 229 

gnge   heights 227-228 

rating   table _-  228 

Wallowa  River  near : 

description     _.    2.1.'S 

discharge .    .      _  235 

discharge,  monthly  .  .    .  .  237 

gage  heights 2,^6 

rating   table 236 
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INDEX. 


Klk  Troek  near  — 

Rosfl,  Idaho : 

discharge 271 

KIlpnslnii'K.  Wash. 

Olseu   (or  Mill)  ditoh  near: 

description     11  "l 

discharge 27.'> 

Town  canal  near : 

description     111 

discharge 112 

discharge,  mean  daily 112 

discharge,  monthly 113 

gage  heights 112 

F. 

Fall  Creek.  Idaho. 

discharge   271 

Fall  River  at— 

Fremont,  Idaho : 

description       175-170 

discharge 170 

gage   heights. 170 

Fish  Creek,  Idaho. 

discharge    270 

Fortune  canal  in — 

Yakima  River  Valley.  Wash. : 

data   concerning 140,  1G7-10M 

Fowler  canal  near — 

North  Yakima.  Wash.  : 

description 120 

discharge   120 

discharge,  mean  daily...  121 

discharge,    monthly 122 

gage  heights ._  120 

rating   table 121 

Fremont,  Idaho. 
Fall  River  at  : 

description     175-170 

discharge    170 

gage   heights-- 170 

G. 

• 

Garden  Creek,  Idaho. 

discharge    272 

(>arner  Spring.  Idaho. 

discharge      27'J 

Gibbon,  Oreg. 

Umatilla  River  at : 

description _   250-257 

discharge 257 

gage   heights 257-25S 

Gilbert  cansl  near — 
Toppenish.  Wash.  : 

description     I'M) 

discharge 131 

discharge,  mean  daily.  _  .    131.  132 

discharge,    monthly 133 

gago   hoights 131,132 

(limlet.  Idaho. 

Big  Wood  River  near  : 

description     __      .             .  102 

discharge  __      .    .    _  103 

gage  heights   .     193 


'9;     ' 


(ileed  canal  near — 

North  Yakima.  Wash. : 

description     1  47 

discharge 147 

discharge,  mean  dally 1  4's 

discharge,    monthly 14'* 

gage   heights 147 

rating   table 14*' 

(iolf  Spring,  Idaho. 

discharge   :?73 

(Jovernment  canal  No.  3  near — 
Toppenish,  Wash. : 

description     127 

Grande  Ronde  River  at — 
Elgin.  Oreg. : 

description     220-227 

discharge UJT 

discharge,    monthly l*_'.« 

gage   heights :•i»7-22'^ 

rating   table il'2s 

Ililgard.  Oreg. : 

description     224 

discharge l!25 

discharge,    monthly 1!2<I 

gage  heights I'J.'t 

rating  table l*i:«; 

ZIndel,  Wash.: 

description     22! » 

discharge 2:i«» 

gage  heights _.    _    __  ir::«» 

Granger  canal  near — 

North  Yakima.  Wash.  : 

description    12J 

discharge 122 

gage  heights i:»2-l2-t 

(iranite  Creek,   Idaho. 

discharge   272 

Grantsdale,  Mont: 

BItterroot  River  near  : 

description _-  :*.."» 

discharge :;,". 

discharge,    monthly :»7 

gage    heights ::«; 

rating   table -  :;•» 

New  Hedge  ditch  near  : 

discharge. 27  4 

Republican  ditch  near: 

discharge -    -  274 

Green  River  at — 

Kanasket.  Wash. : 

discharge--.-- 2s4 

(;reen  Springs,  Idaho. 

discharge    272 

Greenacres,   Wash. 

Spokane  River  at  : 

discharge  -_ -  275 

<irlzzly  Spring.  Idaho. 

discharge 27- 

Grosscup's  canal  near — 
Kiona.  Wash. : 

description 141 
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54 
55 


275 


52 


I 


II.  PaKo. 

llanfnnan  (^reek  at — 

I'oole'8     ranch,     near    Tekoa, 
Wash. : 

dcHcrlption 

Kage   heights 

Spokane,  Wash. : 

discharge 

Tekoa,   Wash. : 

description 51-52 

discharge 

discharge,    monthly 54 

gage  heights 52-.5.'l 

rating   talile 5:\  \ 

flaugman     Creek     <  North     Fork) 
at— 
Tekoa,  Wash. : 

description 55-56 

discharge 56 

discharge,    monthly 57 

gage  heights 56 

rating    table 57 

Hatch  canal  near — 
Top|)eni8h.  Wash. : 

description i:W 

discharge 13.^ 

Haw  ley  Springs  below — 
Heise.  Idaho : 

discharge i-      _  271 

Henry  Fork  (of  North  Fork  Bnake 
River),    Idaho,    trib- 
utaries of: 
miscellaneous  measurements  of  278 

Ilonry  Lake.  Idaho,  tributaries  of: 

miscellaneous  measurement  of  27 ^ 

Illlgard.  Greg. 

Grande  Ronde  River  at : 

description 224 

discharge 225 

discbarge,    monthly 226 

gage  heights 225 

rating   table 226 

Hill  Creek,  Idaho. 

discharge   272 

Ilomedale.  Idaho. 

Succor  Creek  near : 

description 195-196 

discharge 196 

gage    heights 196 

iloop*»r.  Wash. 

Cow  <  'reek  at : 

description 251 

discharge 251 

Palouse  River  at : 

description 243-244 

discharge 245 

discharge,    monthly 247 

gage   heights 245-246 

rating   table 246 

Hope  Creek.  Idaho. 

discharge   273 

Howe  Creek,  Idaho. 

discharge   -  273 


l*age. 
Howard  (^reek,  Idaho. 

discharge   273 

Hubbard  canal  near — 

North  Yakima,  Wash  : 

description 116 

discharge 118 

discharge,  mean  dally 119 

discharge,  monthly 119 

gage  heights 118 

rating  table 119 

I. 

Ice  House  (Yeek.  Idaho. 

discharge   272 

Idaho. 

miscellaneous  measurements  in  270-273 
Index,  Wash. 

Skykomish  River  near : 

discharge 284 

Skykomish  River  (South  Fork)  near: 

description 278-279 

discharge,  monthly 280 

gage  heights 279 

rating  tal)le 280 

Indian  Creek,  Idaho. 

discharge   271 


J. 


Jessie  Creek.  Idaho. 

discharge    273 

John  Day  River  at- 
McDonald,  Greg. : 

description 268 

discharge 268 

gage  heights 268 

Johnson  Creek.  Idaho. 

discharge   273 

Johnson  Creek  near — 
Riverside.  Wash. : 

description 61-62 

discharge,  monthly 63 

gage  heights 62 

rating  table 62 

Joseph,  Greg. 

Wallowa  River  near : 

description 230-231 

discharge 231 

discharge,  monthly 232 

gage  heights 231 

rating   table 232 


K. 


Kachess  River  near — 
Easton.  Wash. : 

description 90 

discharge 90 

discharge,  monthly 92 

gage  heights 91 

rating  table 91 


IRB  135 — 0&- 


-19 
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Page. 
Kannsket.  Wash. 

(ireen  River  at : 

discharge 284 

Kelly  canal  In — 

Yakima  Klver  Valley,  Wash.  : 

data  concerning 146,  167-1(50 

Kelly  (?reek  above — 
Ilelse,  Idaho : 

discharge 271 

Kenncwlck,  Wash. 

Kennewick  canal  near : 

description 138 

discharge 139 

discharge,  mean  dally 140 

discharge,  monthly 140 

gage  heights 131> 

Kennewick  canal  near^ — 
Kennewick,  Wash. : 

description 138 

discharge 130 

discharge,  mean  dally 140 

discharge,  monthly 140 

gage  heights 130 

Ketlle  Klver  at — 
Orient,  Wash.  : 

discharge 275 

Keystone,  Wash, 

Cow  Creek  near  : 

description 251) 

discharge 250 

gage  heights 250 

Klona,  Wash. 

(jrosscup's  canal  near: 

description 141 

Klona  canal  near  : 

description 136 

discharge   137 

discharge,  mean  dally  __  137 

discharge,  monthly 138 

gage  heights 137 

Klona     Water     Supply     Com- 
pany's canal  near : 

description 138 

discharge    275 

Yakima  River  at  : 

description 87-88 

discharge   88 

discharge,  monthly 80 

gage  heights 88 

rating  table 80 

Klona  canal  near — 
Klona,  Wash. : 

description  ._ 1.36 

discharge   137 

discharge,  mean  dally 137 

discbarge,  monthly 138 

gage  heights 137 

Klona    Water    Supply    Company's 
canal  near — 
Klona.  Wash. : 

description 138 

discharge 275 

Kootensi  River  at  and  near — 
Bonners  Ferry,  Idaho : 

description 2.'>-27 

discharge    27 

gage  heights 27 


Kootenai  River  at  and  near — 
CroBsport,  Idaho : 

gage  heights 

Porthlll.  Idaho: 

gage  heights 


I*age 


l> 


'2s 


L. 


Lake  Chelan,  Wash. 

Chelan  River  below  : 

description 6H-fi<» 

discharge   »>9 

discharge,    monthly 71 

gage  heights fii»-7o 

rating  table 7" 

Laswell  canal  In — 

Yakima  River  Valley,  Wash.: 

data  concerning 146.  167-1»W 

I  .each  and  White  ditch.     8ec  White 

and  Leach  ditch. 
Ledljetter  canal  near — 
l*ros8er.  Wash. : 

description 1S6 

I^ewis  Lake  outlet,  Idaho. 

discharge   '-*«• 

Lewlston  Water  Power  Company's 
canal  at — 

(^larkson.  Wash. : 

discharge   -7."i 

Little  Pine  Oeek,  Idaho. 

discharge   -7- 

l.lttle  Spokane  River  near — 
S{)okane.  Wash. : 

description 57-.'»'* 

discharge '»^ 

gage  heights .'iS-o!* 

Little  Spring.     See  Bear  Spring. 
Little  Wood  River  near — 
Carey,  Idaho : 

description 193-104 

discharge 104 

gage  heights 194-1  ».'• 

Loom  is,  Wash. 

Slnlahekln  Creek  near : 

description ."i!* 

discharge,  monthly •>! 

gage  heights 6<» 

rating  table W* 

Lower  Scott  canal  In — 

Yakima  River  Valley.  Wash. : 

data  (Concerning  ___  146,  167-lHii 
lowry  canal  in — 

Yakima  RlTer  Valley,  Wash. : 

data   concerning I4t'i 

167-160.  27.% 
Lyman,  or  Lyon,  Creek  above — 
Sunnydell,  Idaho : 

discharge 271 

Lyon,  Idaho. 

Snake    River     (South     Pork> 
near : 

description !>*- 

discharge 1*^-* 

discharge,  monthly  __-__  l'*4 

gage  heights 1*^^ 

rating  table 184 
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M. 


Page. 


McCormIck  ditch  In — 

Yakima  River  Valley,  Wash. : 

data  concernlDg 146, 167-169 

McDonald.  Oreg. 

John  Day  River  at : 

description 268 

dlscbarge 268 

Rage  heights 268 

McKay  Creek  near — 
Pendleton.  Greg. : 

deecrlptlon  «. 266-267 

dlscbarge 267 

gage  heights 1 267 

Mackay,  Idaho. 

Big  Lo0t  River  near : 

deaeription 187-188 

dtaeharga 188 

discharge,  monthly 189 

gage  heights 188 

rating  table 189 

Malheur.  Oreg. 

Willow  Treek  near : 

description    ai.'J 

discharge 216  I 

gage  heights 216  i 

Malheur  River  at  and  near — 
Ontario,  Oreg. : 

description    209,210-211 

discharge 210,211 

gage  heights 210,211 

Vale,  Oreg. ; 

description     2(K5.  209 

discharge 207 

discharge,    monthly -         208 

gage  heights 207 

rating  table 208 

Westfall,  Oreg. : 

description    208 

discharge 204 

discha rge,    mon th ly 20.^ 

gage   heights 204 

rating  table 205 

Maiott,  Wash. 

Salmon  Oeek  near : 

description     ei\ 

dlscbarge 64 

discharge,    monthly 65 

gage  heights 64 

rating  table 65 

Martin.  Wash. 

Yakima  River  near : 

description     7i 

discharge 75 

dlscbarge,    monthly 76 

gage  heights 75 

rating  table 76 

MarysvUIe,  Idaho. 

tributaries    of    Hnake    River 
(North  Fork)  above: 
miscellaneous      measure- 
ments   of 272 

Meadow  l*reek.  Idaho. 

discharge   273 


Page. 
Methow  River  near — 
Pateros,  Wash. : 

description    6,'>-6C 

discharge 66 

discharge,    monthly 68 

gage  heights 67 

rating  table 67 

Mill  ditch.     See  Olsen  ditch. 
Milton.  Oreg. 

Walla  Walla  River  at : 

description    254 

discharge 254 

discharge,    monthly 256 

gage  heights 2.55 

rating  table 255 

Walla    Walla    River     (South 
Pork )  near : 

description     251-252 

discharge 252 

discharge,    monthly 25:t 

gage   heights 252-253 

rating  table 253 

Minidoka,  Idaho. 

Hnake  River  near : 

description     172-173 

discharge 173 

discharge,    monthly 175 

gage   heights 173-174 

rating   table 174 

Missoula,  Mont. 

BItterroot  River  near : 

description    37-38 

discharge 38 

discharge,    monthly 40 

gage   heights 38-39 

rating   table 39 

Missoula  River  at : 

description     28-29 

discharge 29 

discharge,  monthly 31 

gage  heights 30 

rating  table 31 

Rattlesnake  Oeek  at : 

discharge 274 

Missoula  River  at — 
Missoula,  Mont. : 

description     28-29 

discharge 29 

discharge,  monthly 31 

gage  heights 30 

rating  table 31 

Missoula  River  liasln,  Mont. 

miscellaneous      measurements 

In    274 

Molalla  River,  Oreg. 

discharge    274 

Montana : 

miscellaneous      measurements 

in     274 

Moran,  Wyo. 

Snake    River     (South     Fork) 
at  : 

description     179-180 

dlscbarge 180 
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I'age. 
Moran,  Wyo. — Continued. 

Snake      River      (South      Fork) 
at — Continued. 

discharge,   monthly 181 

gage  heights 180 

rating  table 181 

Morrlssey  ditch  In — 

Yakima  River  Valley,  Wash. : 

data   concerning 146,  167-169 

Moxee  canal  near — 

North  Yakima.  Wash. : 

description    116 

discharge 1K5 

discharge,  mean  dally 117 

discharge,    monthly 111* 

gage  heights 116-117 

N. 

Naches  River  near — 

Nile.  Wash. : 

description 95-96 

discharge 96 

discharge,  monthly 97 

gage  heights 96-97 

rating   table 97 

North  Yakima,  Wash. : 

description 98-100 

discharge 101 

discharge,   monthly -._  102 

gage  heights 101 

rating   table 102 

Naches  and  Tleton  rivers,  Wash. 

canals  taking  water  from 167-160 

Naches-Cowlche  canal  near — 

North  Yakima,  W^ash. : 

description 152 

discharge lo^i 

discharge,  mean  daily 153 

discharge,  monthly 154 

gage  heights 152 

rating  table 153 

Nesqually  River  near — 

Elbe,  Wash. : 

discharge 284 

Yelm  Prairie,  Wash. : 

discharge 284 

New  Hedge  ditch  near — 

(irantsdale.  Mont. : 

discharge 274 

New  Reservation  canal  No.  2  In — 

Yakima     Indian    Reservation, 
Wash. : 

description 123 

discharge 123 

discharge,  mean  dally 124 

discharge,  monthly 125 

gage  heights 124 

rating  table 125 

Nile;  Wash. 

Naches  River  near : 

description ^       95-96 

discharge 96 

discharge,  monthly 97 

gage  heights 96-97 

rating  table 97 


PaRe. 
North  Yakima,  Wash. 

Atanum  Creek  near : 

description 105-l<)fi 

discharge UK* 

discharge,  monthly 107 

gage  heights IW 

rating  table 107 

Broadgauge  canal  near : 

description 154 

discharge r 154 

discharge,  mean  daily l.Vi 

discharge,  monthly l.V> 

gage  heights ir».'» 

Clark  canal  at : 

discharge 273 

Fowler  canal  near: 

description 1"J'» 

discharge V2i* 

discharge,  mean  daily 1-1 

discharge,  monthly \T2 

gage  heights l'^^ 

rating  table 1-M 

Granger  canal  near : 

description 122 

discharge 12:' 

gage  heights 122-12.H 

(tleed  canal  near : 

description 147 

discharge 147 

discharge,  mean  daily 14h 

discharge,  monthly 140 

gage  heights 147 

rating  table H** 

Hubbard  canal  near : 

description 11^ 

discharge H** 

discharge,  mean  daily 11*' 

discharge,  monthly 11^ 

gage  heights U^ 

rating  table 119 

Lowry  canal  at : 

discharge 27^ 

Moxee  canal  near : 

description 11** 

discharge H^ 

discharge,  mean  dally 11* 

discharge,  monthly 11!< 

gage  heights 116-117 

Naches  River  near : 

description oh-Hn» 

discharge I'M 

discharge,  monthly 1"- 

gage  heights H»l 

rating  table 1«»2 

Naches-Cowiche  canal  near : 

description 1  ■'»-' 

discharge l."'- 

discharge,  mean  dally 1>V^ 

discharge,  monthly iri4 

gage  heights l'>2 

rating  table l'V» 

Power  canal  at : 

description l-*'*' 

discharge ly* 

discharge,  mean  daily 13T 


INDEX. 


293 


Page. 
North  Yakima,  Wash. — Continued. 

Power  canal  at — Continued. 

discharge,  monthly 158 

gage  helghtB 156-157 

Bhodenbach  Schuler  canal  at : 

discbarge 275 

Selah  Valley  canal  near : 

description 141 

discharge 141 

discbarge,  mean  dally 142-143 

discharge,  monthly 144 

gage  heights 142 

rating  table 143 

Selah-Moxee  canal  near : 

description 113 

discbarge 113 

discbarge,  mean  daily  —  114-115 

discharge,  montbly 115 

gage  heights 114 

rating  table 115 

Shanno  canal  at : 

description 158 

discharge 158 

discharge,  mean  dally 159 

discharge,  monthly 160 

gage  heights 150 

rating  table 159 

Sinclair  and  Cobb  canal  near : 

description 141 

Taylor  canal  near : 

description • 116 

discharge   — ' 116.275 

Tieton  River  near : 

description 1 103 

discharge 103  ; 

discharge,  montbly 105 

gage  heights 104 

rating  table 104 

Town  canal  at :  . 

description 163 

discharge 163 

discharge,  mean  daily  —  164 

discbarge,  montbly 165 

gage  heights 16.3-164 

Union  canal  at : 

description 160 

discharge 101,162  , 

discbarge,  mean  dally  __   161, 162 

discbarge,  montbly 163 

gage  heights 161,  162 

Wapatox  canal  near : 

description 144 

discbarge 144 

discharge,  mean  dally  —   14.5-146 

discbarge,  montbly 146 

gage  heights 145 

Wide  Hollow  waterway  at :  • 

discharge 275 

Yakima  River  near : 

description 79 

discbarge 80 

discharge,  monthly 81 

gage  heights 80 

rating  table 81 


I 'age. 
North  Yakima,  Wash. — Continued. 
Yakima  Valley  canal  near : 

description 149 

discharge 149 

discbarge,  mean  daily 150-151 

discharge,  monthly 151 

gage  heights 149-150 

rating  table 151 

Northwestern     Light    and    Water 
Company's    proposed 
canal  in — 
Yakima  River  Valley,  Wash. : 

description 166 

O. 
Odeil,  Oreg. 

Deschutes  River   (East  Fork) 
at: 

description 269-270 

gage  heights 270 

Deschutes     River     ( West 
Branch )  at : 

discharge 274 

Old  Reservation  canal  No.  1  in-  - 
Yakima    Indian    Reservation. 
Wash. : 

description 125 

discharge    126 

discbarge,  mean  daily 126 

discbarge,  montbly 127 

gage  heights 126 

Oisen  (or  Mill)  ditch  near — 
Ellensburg.   W'asb. : 

description i 113 

dlscbarfre   275 

Ontario,  Oreg. 

Malheur  River  near : 

description 209,210-211 

discharge 210,211 

gage  heights 210,211 

Ora,  Idaho. 

Snake    River     (North     Fork) 
near : 

description 170 

discharge 170 

discbarge,  monthly 172 

gage  heights 171 

rating  table 171 

Oregon,      miscellaneous      measure- 
ments  In    274 

Oregon    Land    and     Water    Com- 
pany's diton  near — 
Umatilla,  Oreg. : 

discharge 264 

Orient,  Wash. 

Kettle  River  at : 

discharge   275 

Osborn  Creek,  Idaho. 

discharge   272 

Oswald  Creek.  Idaho. 

discharge   2i3 

Owyhee,  Oreg. 

Owyhee  River  near: 

description 190-197 

discharge   197 
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Owyhee,  Oreg. — Continued. 

Owyhee  River  near — Cont'd. 

discharge,  monthly 199 

gage  heights 197-198 

rating  table 198 

Owyhee  ditch  near : 

discharge,  monthly 190 

Owyhee  ditch  near — 
Owyhoe,  Oreg. : 

discharge,  monthly 199 

Owyhee  River  near — 
Owyhee,  Oreg. : 

description 196-197 

discharge 197 

discharge,  monthly 190 

gage  heights 197-198 

rating  table 198 


P. 


Palisade  Creek,  Idaho. 

discharge   271 

Palouse  River  at — 

Elberton,  Wash. : 

description    240-241 

discharge 241 

discharge,  monthly 243 

gage  heights 241-24L' 

rating  table 24*J 

Hooper,  Wash. : 

description     243-244 

discharge 24.'> 

discharge,    monthly 247 

gage  heights 245-246 

rating  table 246 

Pasco,  Wash. 

Columbia  River  near : 

description     24 

discharge 2.1 

gage  heights 25 

PateroH,  Wash. 

Methow  River  near : 

description    65-66 

discharge 66 

discharge,    monthly 68 

gage   heights 67 

rating  table 67 

Pechastin,  Wash. 

Wenache     Canal     Company's 
canal  at : 
discharge 275 

Wenache  River  at : 

discharge 275 

Pechastin  Creek  at — 

Wenache,  Wash. : 

discharge 275 

Pend     Oreille    River.     See    Clark 

Fork. 
Pendleton,  Greg. 

McKay  Creek  near : 

description     266-267 

discharge 267 

gage   heights 267 

Umntllla  River  at : 

description     258-250 


Pige 
Pendleton,  Oreg. — Continued. 
Umatilla  River  at — Cont'd. 

discharge 239 

gage  heights 26ft 

Wildhorse  Creek  at : 

discharge 274 

Pine  Creek,  Idaho. 

discharge 273 

Poole's  ranch,  near  Tekoa,  Wash. 
Hangman  Creek  at : 

description    54 

discharge K 

Porcupine  Creek,  Idaho. 

discharge   271 

Porthill.  Idaho. 

Kootenai  River  near : 

gage  heights 28 

Power  canal  at — 

North  Yakima,  Wash. : 

description    15»> 

discharge 156 

discharge,  mean  dally l.'*' 

discharge,  monthly las 

gage  heights 156-137 

I*owder  River  near — 
Baker  City,  Oreg. : 

description    221 

discharge 222 

discharge,    monthly ^  22:1 

gage  heights 222 

rating  table. 223 

Presto,  Idaho. 

Blackfoot  River  near : 

description    isfi 

discharge lw» 

gage  heights 1!^7 

Priest  River,  Idaho. 
Clark  Fork  at: 

description    4U-41 

discharge 41 

discharge,  monthly 43 

gage  heights 41-42 

rating  table 42 

Priest  River  at : 

description    43-44 

discharge 44 

discharge,  monthly 40 

gage  heights 44-4j 

rating   table 45 

Pritchard  Creek.  Idaho. 

discharge   271 

Prospect,  Idaho. 

Willow  Creek  near : 

description    IW 

discharge K* 

gage  heights 185-1^6 

Prosser,  Wash. 

Ledbett^r  canal  near : 

description 13t5 

Prosser  Falls  Irrigation  Com- 
pany's power  canal 
at: 

description 133-134 

discharge 134 

discharge,  mean  daily 134 

discharge,    monthly 135 
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Varse. 
Trosser.  Wash. — Continued. 

PrcMMer  Falls  Irrigation  Com- 
pany's Irrigating 
canal  at : 

discharge,  mean  dally 135 

discharge,    monthly VMi 

Yakima  Uiver  at : 

description Ho 

discharge 85 

discharge,    monthly K7 

gage  heights 80 

rating    table 8G 

I'rosser     Falls      Irrigation     Com- 
pany's irrigating 
canal   at : 
ProHser  Wash. : 

discharge,  mean  daily 135 

discharge,    monthly VW 

Trosser     l''alls     Irrigation     Com- 
pany's   power    canal 
at— 
Prosser  Wash. : 

description 133-134 

discharge 134 

discharge,  mean  dally 134 

discharge,    monthly 135 

Puget  Sound  drainage  basin. 

description 270 

miscellaneous  measurements  _  284 

Puyallup  River,  Wash. 

discharge 284 

R. 

Rainy  Creek.  Idaho. 

discharge   271 

Rattlesnake  Creek  at — 
Missoula,  Mont. : 

discbarge 274 

Itavensdale.    Wash. 

Cedar  River  near : 

description 27G-277 

discharge 277 

discharge,    monthly 27S 

gage     heights 277 

rating    table 27S 

Republican  ditch  near — 
<«rantsdale.  Mont.: 

discharge 274 

Rbodenbach  Schuler  ditches  In — 
Yakima  River  Valley,  Wash. : 

data   concerning 140, 

167-109.  275 
Riverside,  Wash. 

Johnson  Creek  near: 

description 01-02 

discharge,    monthly 6:J 

gage    heights 02 

rating     table 62 

Rock  Creek.  Idaho. 

discharge   273 

Rock  Creek,  Oreg. 

discharge    _  274 

Rock  Croek  near — 
St.  .Tohn.  Wash. : 

description 247  24s 

discharge 24S 


Page. 
Rock  Creek  near — 

St.  .lohn.  Wash. — Continued. 

discharge,    monthly 245) 

gage     heights 24H 

rating   table 241) 

Rock  Springs.  Idaho. 

discharge   27.i 

Rogue  River,  Oreg. 

discharge   274 

Rosland.  Oreg. 

Deschutes         River         (West 
Branch  at : 

discharge 274 

Roslyn,  Wash. 

Clealum  River  near : 

description 02-l):j 

discharge 03 

discharge,    monthly 95 

gage     heights 93-94 

rating    table 94 

S. 

St.   Anthony,   Idaho. 

Teton  River  near : 

description 177 

discharge-.    ..      177 

discharge,    monthly 179 

gage    heights-- 17S 

rating    tal)le 17.S 

St.  .Tohn,  Wash. 

Rock  Creek  nenr  : 

description 247-248 

discharge 248 

dischiirge,  monthly 249 

gage  heights 24s 

rating  table 249 

Salmon  Creek  near — 

Malott,  Wash. : 

description 03 

discharge 04 

discharge,  monthly 05 

gage  heights <>4 

rating   table . 05 

Santlum  River,  Oreg. 

discharge    274 

Selah  Valley  canal  near-  - 

North  Yakima,  Wash. : 

description-- 141 

discharge 141 

discharge,  mean  dally 142-143 

discharge,  monthly     144 

gage  heights 142 

rating  table 143 

Selah-Moxee  canal  near- 
North  Yakima.  Wash. : 

descrlpt  Ion 113 

discharge 113 

d  I  sch a  rge.  men  n  dally 114-115 

discharge,  monthly 115 

gage  heights- .  ._ _  114 

rating   table 115 

Shanno  canal  at-- 

North  Yakima.  Wash.  : 

description _  158 

discharge   . —  15S 

discharge,  mean  dally--.  159 
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Page. 
8hanno  canal   at — 

North  Yakima,  Wash. — Cont'd. 

discbai'f^e,  monthly 160 

Ka^e  heights 159 

rating  table 159 

Sheai*er  and  Chapman  ditches  in — 
Yakima  River  Valley.  Wash.: 

data  concerning 146,  167-160 

Sheep  Creek,  Idaho. 

discharge 27i 

Sherwood  Springs,  Idaho. 

discharge i._  273 

Shoshone  Lake  outlet,  Idaho. 

discharge   270 

Shotgun  Creek,  Idaho. 

discharge   272 

Silver  Creek,  Oreg. 

discharge   274 

Sinclair  and  Cobb  canal  near — 
North  Yakima,  Wash. : 

description 141 

Slnlahekln  Creek  near — 
Loom  is.  Wash. : 

description 59 

discharge,  monthly 61 

gage  heights (JO 

rating  tal)le 60 

Skykomish  River  near — 
Index,  Wash. : 

discharge 284 

Skykomish    River     (South    Fork) 
near — 
Index,  Wash. : 

description 278-279 

discharge,  monthly 280 

gage  heights 279 

rating  table 280 

Snake  River  near — 
Minidoka,  Idaho : 

description 172-173 

discharge 173 

discharge,  monthly 175 

gage  heights 173-174 

rating  table 174 

Snake  River  (North  Fork),  Idalio. 

discharge 27(» 

near  Ora,  Idaho : 

description 170 

discharge 170 

discharge,  monthly 172 

gage  heights 171 

rating  table 171 

tributaries  of : 

miscellaneous       measui*e- 

ments    of _  272 

Snake  River  (Henry  Fork  of  North 
Fork), 
discbarge . 270 

Snake  River   (South   Fork), 
at  Moran.  Wyo. : 

description 179-lSO  i 

discharge ISO 

discharge,  monthly 181 

gage  heights   ._ ISO 

rating  table ISI 


Pa^e. 
Snake  River  (South  Fork)— Cont'd, 
tributaries  of.  in  Idalio: 

miscellaneous       measure- 
ments of 271-272 

near  Lyon,  Idaho : 

description 182 

discharge ls.i 

discbarge,  monthly 184 

gage  heights is-'i 

rating  table 1S4 

Snoqualmie  Falls,  Wash. 

Snoqualmie  River  near : 

description 2^1 

discharge,   monthly 2S4 

gage  heights 2.hi» 

rating   table    1_-  2><:{ 

Snoqualmie  River  near — 

Snoqualmie  Falls,  Wash. : 

description 2M 

discharge,  monthly 2H4 

gage  heights 2VJ 

rating  table 2s:' 

Snow  Water  Creek,  Idaho. 

discharge 27:' 

Sorenson  Spring.  Idalio. 

discharge 272 

Spokane,  Wash. 

Hangman  Creek  at : 

discharge   27.'i 

Little  Spokane  River  near : 

description 57-.'js 

discharge .>s 

gage  heights 5S-.V' 

Spokane  River  at : 

description 4(»-4*< 

discharge 4>* 

discharge,  monthly .W-ol 

gage  heights 41* 

rating  table •■><• 

Spokane  River,  Idaho. 

discliarge   27o 

Spokane  River,  Wash.,  at — 
(Jreenacres,  Wash. : 

discharge   27.'* 

Spokane.  Wash. : 

description 46-4S 

discliarge 4H 

discharge,  monthly .'iO  .'l 

gage  heights ■♦!' 

rating  table Tio 

Squaw  Creek.  Idaho. 

discharge 271 

Succor  Creek  near — 
HomtKlale.  Idalio : 

description 105-lfl« 

discharge   V»<** 

ga^e  heights !'•*•» 

Summit  Creek.  Idaho. 

discharge   271 

Sunnydell.  Idaho. 

Lyman,  or  Lyon.  Creek  abt»V^ : 

discharge   271 

Sunuyside  canal  near — 
Yakima,  Wash. : 

description l    127  12S 

discharge   12> 
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Page. 
Sunnyslde  canal  near — 

Yakima,  Wash. — Continued. 

discharge,  mean  dally 120 

discharge,  monthly 130 

Kope  heights 128-129 

rating  table 130 


T. 


Tah;;ee  Creek.  Idaho. 

discharge   273 

Taylor  canal  near — 

North  Yakima,  Wash. : 

description 110 

discbarge 110.  27.'5 

Taylor  Creek,  Idaho. 

discharge   272 

Tekoa.  Wash. 

Hnngmnn  Creek  at  and  near : 

description    .'»l-,'>2.  .'>4 

discharge 52 

discharge,  monthly r»* 

gage   heights r>2-.'53,  .'>r> 

rating   table .53 

Hangman        Creek         (North 
Fork)   at : 

description     S.V.'iO 

discharge 50 

discharge 57 

gage  heights 50 

rating  table 57 

Teton  River  near — 

St.  Anthony,  Idaho : 

description 177 

discharge 177 

discharge,  monthly 170 

gage  heights 178 

rating  table 17M 

Thompson  Springs,  Idaho. 

discharge 273 

Thorp.  Wash. 

Cascade  canal  near : 

description     100 

West  Kittitas  canal  near: 

description    loo 

discharge 100 

discharge,  mean  dally 111 

discharge,   monthly 111 

gage  heights 110 

rating  table 110 

Yakima  River  at : 

discharge 275 

Thnrman  Oeek,  Idaho. 

discharge 272 

Thiirman  Springs,  Idaho. 

dischart^e 272 

Tieton  River  near — 

North  Yakima,  Wash. : 

description    103 

discharge 103 

*  discharge,  monthly 105 

gage  heights 104 

rating   table 104 

Tieton  and   Naches  rivers.   Wash. 

canaJs  taking  water  from 107-lGO 


Page. 
Timber  Creek,  Idaho. 

discharge   273 

Tom  Creek.  Idaho. 

discharge 272 

Toppenlsh,  Wash. 

Gilbert  canal  near : 

description    130 

discharge 131 

discharge,  mean  dally 131,  132 

discharge,    monthly 1.33 

gage  heights 1.31.132 

Government  canal  No.  3  near : 

description    -  127 

Hatch  canal  near : 

description    133 

discharge 133 

Town  canal  at  and  near — 
Ellensbnrg,  Wash. : 

description    111 

discharge 112 

discharge,  mean  dally 112 

discharge,   monthly 113 

gage  heights 112 

North  Yakima.  Wash. : 

des<Tiptlon    103 

discharge 163 

discharge,  mean  dally 164 

discharge,   monthly 165 

gage  heights 163-164 

Tnle  Lake  outlet  at — 
Tule  Lake.  Wash. : 

discharge 275 

Twin  Creek,  Idaho. 

discharge   273 


U. 


I'matilla,  Oreg. 

Oregon  Land  and  Water  Com- 
pany's ditch  near: 
discharge 264 

rmatilla  River  near: 

description     263-204 

discharge 204 

discharge,   monthly 200 

gage  lieights 264-205 

rating   table 205 

T'matilla  River  at  and  near — 

Glbt)on,  Oreg.  : 

description     250-257 

discharge 257 

gage  heights 257-2.'iS 

Pendleton,  Oreg. : 

description     ._   25H-250 

discharge 250 

gage   heights 200 

Umatilla,  Oreg.  : 

descrlpt  Ion     203-204 

discharge 204 

discharge,   monthly 260 

gage   heights 204-265 

rating  table 265 

Youknra,  Oreg. : 

description 2ftO-261 

discharge 201 
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I*age. 
Umatilla  River  at  and  near — 
Yoakum,  Oreg. — Continued. 

discharge,  monthly 203 

gage  heights 261-262 

rating  table  __-_ 262 

Cnion  canal  at —  , 

North  Yakima,  Wash. : 

description 160 

discharge 161,  102 

discharge,  mean  dally 161, 162 

discharge,  monthly 163 

gage  heights 161,  162 

Upper  Scott  canal  In — 

Yakima  River  Valley,  Wash. : 

data  concerning 146, 167-169 

V. 

Vale,  Oi*eg. 

Bully  Creek  at  and  near : 

description 211-212,  213 

discharge 212,214 

discharge,  monthly 215 

gage  heights 213,  214 

Iklalheur  River  at  and  near : 

description 206.  200 

discharge 207 

discharge,  monthly 208 

gage  heights 207 

rating  table 208 


W. 


Walla  Walla  River  at— 

Milton,  Oreg. : 

description 

discharge 

dischnrge,  monthly 

gage  heights 

rntiug   table 

Walhi  Walla  River   (8outh   Fork) 
nenr--- 

Mllton.  Oreg.  : 

description 

discharge 

discharge,  monthly 

gage  heights 

rating  table 

Wallowa,  Oreg. 

Wallowa  River  near: 
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LETTER    OF    TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Hydrographic  Branch, 

Wa^hingto7}^  J).  C,  June  i,  190 J^. 

Sir:  I  forward  herewith  a  report  on  the   underground  waters  of 

Salt  River  Valley,  Arizona,  by  Willis  T.  Lee,  and  recommend  that  it 

be  published  as  a  water-supply  and  irrigation  paper. 

Mr.  Lee,  under  the  direction  of  Mr.  N.  H.  Darton,  geologist  in 

charge  of   the  western  section  of  hydrology,  has   made  a  detailed 

investigation  of  the  underground  waters  and  geology  of  Salt  River 

Valley,  in  the  Phoenix  region  and  eastward,  and  1  believe  the  results 

will  be  of  value  and  interest  to  a  large  number  of  i)ersons.     The  region 

is  one  in  which  the  problem  of  water  supply  is  of  great  importance, 

for  its  prosperity  is  entirely  dependent  upon  the  utilization  of  the 

surface  and  underground  waters. 

Very  respectfully,  F.  H.  Newell, 

Ch!(^f  Knglneer, 

Hon.  Charles  D.  Walcott, 

Director  United  Statea  Geological  Suri^y, 
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UNDERGROUND  WATERS  OF  SALT  RIYER 

VALLEY,  ARIZONA. 


Bv  Willis  T.  Lee. 


INTRODUCTION. 

PURPOSE  OF  THE  INVESTIGATION. 

The  purpose  of  this  paper  is  to  bring  together  the  facts,  so  far  as 
known,  regarding  the  underground  waters  of  Salt  River  Valley,  with 
a  view  to  ascertaining  their  available  quantity,  the  areas  where  the}' 
occur  suiBciently  near  the  surface  for  economic  pumping,  and  their 
adaptability  for  irrigation. 

The  area  of  special  investigation  lies  within  a  line  di'awn  from  the 
junctionr  of  Verde  and  Salt  rivers  westward  a  few  miles  beyond  the 
Agua  Fria  and  southward  to  Gila  River;  thence  along  the  northern 
border  of  the  Pima  Indian  Reservation  to  the  Superstition  Mountains 
north  of  Florence,  and  along  the  foot  of  these  mountains  to  the  mouth 
of  Verde  River — an  area,  irrespective  of  the  mountains,  of  about  1,000 
square  miles.  A  number  of  side  trips  were  made  beyond  this  area 
into  the  neighboring  mountainous  districts,  but  the  principal  part  of 
the  work  was  done  in  the  lowlands  included  within  the  above  tK)unda- 
ries.  This  area  is  conveniently  divided  into  two  districts  by  a  line  of 
buttes  that  extends  across  the  valley  in  the  vicinity  of  Tempe,  con- 
necting the  Phoenix  Mountains  with  the  Salt  River  Mountains.  The 
physical  conditions  existent  east  of  this  line  of  buttes  differ  notably 
from  those  to  the  west  of  it.  The  division  of  the  valley  into  two  dis- 
tricts is  therefore  to  more  purpose  than  mere  convenience  of  descrip- 
tion. The  first  district,  which  extends  from  the  mouth  of  the  Verde 
to  Tempe,  Ls  known  as  the  Mesa  region,  and  the  second,  which  extends 
from  Tempe  to  the  Agua  Fria,  is  known  as  the  Phoenix  region.  (See 
PL  L) 
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CHAPTER  I. 

WELL  RECORDS. 

THE  MESA  REGION. 
MURPHY-McQUEEN   WELLS  (SEC.  34,  T.  i   N.,  R.  5  E.). 

The  spries  of  deep  wella  first  completed  and  used  for  irrigation  in 
Salt  River  Valley  in  that  on  the  Murphy-McQueen  ranch,  near  the  town 
of  Mesa.  This  series  of  wells 
hua  been  described  by  W.  H. 
Code  in  two  publications,"  and 
his  description»  are  hero  tran- 
scribed. In  the  first  he  writ*;;: 
The  Murphy  well  (flg.  1)  was 
started  SB  a  12-iDch  double^e«l-i-anHl 
one,  but    on    ait-ounl  of  the  grrat 

.  difficulties  encuuntered  in  the  way 
of  bowlders  uid  cement  strata,  li>' 
Kether  with  a  peculiar  fomiation  of 

I  clay  known  as  the  Rwelling  variety. 
it  has  been  necessary  to  reiluc«  the 
size  of  the  well  three  times  in  the 
depth  of  1,30.1  feet,  ending  with  a 
casing  7  inches  in  diameter. 

In  the  later  and  more  com- 
plete report  Mr.  Code  writes 
as  follows: 

Four  12- inch  bored  wells  were 
sunk  on  &  line,  with  12j-[eet  renterv. 
The  flrat  one  wafi  put  down  1.305  feet 
in  the  hope  that  au  artesian  flow 
might  lie  ohtaincil.  As  the  drill  was  still  in  a  non water-hearing  stratum  of  clay 
and  talc  when  this  depth  was  reached  it  was  decided,  after  having  penetrate*)  this 
stratum  605  feet,  to  abandon  the  search  for  artesian  flow  and  dejiend  upon  punijir 
for  raising  the  water.  The  reniHinliig  three  wells,  therefore,  were  drilled  to  a  depth 
of  approximately  212  feet,  the  formations  intercepted  being  as  follows: 
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Record  of  veilfi  bored  on  Murphy- McQueen  ninch. 

Feet. 

Surfat^e  alluvial  soil 13 

Ceinen  ted  gravel  and  Iwwiders 157 

Loose  free  water  gravel,  sand,  and  bowldera 42 

Total / 212 

Below  this  depth  lay  another  Htratum  of  olay,  soft  linicjstone,  and  chalk  rock,  408 
feet  in  thickness. 

The  pipes  were  all  perforated  thoroughly,  and  a  central  shaft  was  sunk  to  a  depth 
of  about  23  feet,  which  was  very  close  to  the  normal  water  level,  and  from  the  l)ottom 
of  this  shaft  tunnels  were  run  in  either  direi'tion  in  order  that  small  sections  of  the 
steel  well  casings  might  be  removed  at  this  level  and  the  wells  all  connected  to  one 
horizontal  suction  pipe.  The  four  wells  were  connected  by  means  of  a  longitudinal 
suction  pipe,  from  which  were  suspended  the  vertical  suction  pipes  leading  down  in 
each  well  to  a  depth  of  25  feet  or  more  l)elow  normal  water  level.  The  longitudinal 
pifje  was  attached  to  a  12-inch  horizontal  centrifugal  pump  having  a  capacity  of 
4,000  gallons  per  minute  and  located  at  the  bottom  of  the  shaft.  The  pump  was 
driven  by  a  steam  plant,  which,  in  brief,  consisted  of  the  following:  One  boiler,  5  by 
16  feet,  estimated  capacity  80  horsepower;  1  automatic  12  by  16  inch  engine,  running 
condensing;  1  brick  cement-lined  condensing  pit,  10  by  22  feet  and  with  a  depth  of 
5  feet,  containing  40  2-inch  pipes  20  feet  in  length. 

The  steam  is  condensed  in  the  pipes  by  the  water  discharged  from  the  centrifugal 
pump,  which  passes  through  the  pit  previous  to  its  discharge  into  the  irrigating 
ditches  leading  to  the  alfalfa  fields.  The  machinery  is  all  inclosed  by  a  neat  brick 
house,  and  the  entire  plant  has  a  substantial  appearance.     [PI.  II.] 

The  writer  was  employed  to  superintend  a  test  run  of  the  plant  after  its  comple- 
tion, and  through  the  courtesy  of  the  owners  is  privileged  t^)  embody  the  following 
(lata  from  the  report  made  to  them. 

The  test  run  of  the  plant  was  begun  at  7  a.  m.,  July  4,  1901,  and  was  completed  at 
7  p.  m.,  July  11,  1901.  The  intention  was  to  operate  continuously  for  six  days,  but, 
owing  to  a  twelve  hours'  enforced  stop  for  repairs  to  the  engine  on  July  8,  the  time 
was  extended  to  six  and  one-half  days.  The  average  height  to  which  the  water  was 
raised  during  the  test  was  about  44  feet,  the  discharge  pipe  being  several  feet  above 
the  ground  level.  The  machinery  was  run  to  its  maximum  economical  capacity,  and 
the  results  obtained  were  as  follows: 

DtiUi  obtained  by  test  nm  ofjmmp  on  Murphy- McQueen  ranch. 

Number  of  hours  consumed  in  test 156 

Number  of  hours  consumed  in  stoppages  (breaks,  oilings,  etc. ) 26. 4 

Total  number  of  hours  op)erated 129. 6 

Average  number  of  inches  pumped  ( Arizona  measure) 270 

Average  number  of  inches  pumped  (California  measure) 338 

Total  number  of  acre-feet  pumped 72. 4 

Total  cords  of  fuel  used 34.  75 

Daily  expense  of  twenty-four  hours'  run,  aside  from  fuel: 

Two  engineers,  at  $2.25  per  diem $4. 50 

Two  firemen,  at  $1.50  per  diem 3. 00 

Oil  and  waste .75 

Estimated  cost  of  repairs  ami  maintenance 1 .  00 

Total : 9.25 
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Total  expense  of  oi)eration  during  test: 

6 J  days,  at  $9.25  iier  diem $fiO.  1*2 

34}  cords  of  wood,  at  $3  per  cord 104. 2^ 

Total lW.:i7 


72.4i» 


Cost  per  acre-foot  of  water  pumped: 

Total  cx)8t  of  pumping $164. ." 

Acre-feet  of  water  pumped 

(/Oflt  per  acre-foot $2. 27 

Expense  for  each  hour  actually  running: 

Total  expense '. $164. 1^7 

Numl)er  of  hourx  actually  nin 12^.  H(i 

Cost  per  hour $1. 26 

Lift,  in  feet 44 

Average  cost  per  foot  of  raising  an  acre-f<x)t  of  water $0. 05— 

The  normal  level  of  water  previous  to  the  test  wa**  22J  feet  below  the  average  sur- 
fa(!e  of  the  ground.  The  water  level  in  each  of  the  wells  at  the  end  of  the  test  i^ 
shown  in  fig.  2.     The  sketch  shows  that  the  water  in  the  deep  well  was  not  drawn 


Surface               of  Around 
1  1  ~i' n — 1  ^1  I 


y 


--25' 


-  -"^^l",  2urnp  \ 


, 


_di5ch8rg54-^I^- 


25- 


25' 


25-  - 


Fui.  J.— iManmni  sliowiiiK  water  level,  after  pumping,  in  wells  jit  Miirphy-McQueen  plant,  near 

Mena. 


down  to  within  5  feet  or  more  of  the  level  in  the  other  throe  wells,  which  seemeil  to 
indicate  that  the  well  driller  xyas  right  when  he  affinne<l  that  it  would  furnish  the 
greatest  supply  of  water.  He  based  hi.»<  opinion  upon  the  fact  that  at  a  depth  of 
620  feet,  after  having  penetrated  an  imjH^rvious  stratum  of  clay  408  feet  in  thick nee^. 
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a  6-foot  gravel  stratum  was  encountered  which  caused  the  water  level  in  the  pipes  to 
rise  2  feet  al)ove  the  normal  level. « 

Two  samples  of  pumped  water  were  sent  to  Prof.  R.  H.  Forbes,  of  the  University 
of  Arizona,  at  Tu(*son,  to  be  analyzed  for  the  purpose  of  ascertaining  its  value  for 
irrigation  purposes.  The  first  was  obtained  shortly  after  the  pump  was  started,  and 
the  second  near  the  end  of  the  test  run;  and  it  will  be  noted  that  the  analysis  of  the 
latter  showed  considerable  decrease  of  salts,  which  would  warrant  the  assumption 
that  continued  pumping  would  effect  further  improvement.  In  the  opinion  of  Pro- 
fessor Forbes  it  would  not  be  wise  to  depend  on  well  water  alone  for  irrigation  pur- 
poses, but  w'here  it  can  be  used  in  connection  with  large  quantities  of  silty  river  water 
the  danger  of  depositing  an  ext^ess  of  salts  on  the  lands  is  minimized.  The  following 
table  gives  the  results  of  the  analyses  made  by  Professor  Forl)es: 

Analyses  of  water  from  Murphij-Mc(/ueen  wells, 
[Laboratory  No.  2615,  May  17.  1901.] 

Quantitative  (parts  in  100,000): 

Total  solids  soluble  at  110°  C 133. 20 

Chlorine  as  NaCl  (common  salt) 82. 00 

Hardness  as  CaS()4  ( sulphate  of  lime) 11.15 

Nitrogen  as  nitrates 426 

Nitrogen  as  nitrites 0067 

Qualitative: 

Sulphates Very  strong. 

Magnesia Very  strong. 

Lime Very  strong. 

Bicarl)onates i. .  Pronounce<l. 

Silt Small  amount. 

[Laboratory  No.  2670,  June  27,  1901.] 

Quantitative  (part*'  in  100,000): 

Total  solids  soluble  at  110**  C 123.20 

Chlorine  as  NaCl  (common  salt) 74. 60 

Hardness  as  CaS()|  (sulphate  of  lime) 9.  79 

Nitrogen  as  nitrates 263 

Nitrogen  as  nitritee Trace. 

Qualitative: 

Sulphates Very  stnmg. 

Magnesia Very  sti-ong. 

Lime Very  strong. 

Bicarbonates Pronounced. 

8ilt Slight  traces. 

Since  the  first  Murphy-McQueen  well  is  the  deepest  in  the  valley  and 
penetrates  formations  that  no  other  well  penetrates,  it  may  ])e  in  placQ 
here  to  anticipate  certain  conditions  which  will  be  devscribed  later  and  to 
comment  on  questions  which  are  of  vital  importance  to  those  who 
intend  to  establish  pimiping  plants  in  other  parts  of  the  valley. 
First,  the  principal  water-bearing  formation  is  comparatively  near  the 
surface,  but  after  penetrating  a  thickness  of  408  feet  of  impervious 
material  another  water-bearing  stratimi  is  encountered.     This  stratum, 

aThe  writer  meafiurcd  the  depth  to  water  In  these  wellHon  .lanuary  19.  1904,  and  found  the  dis 
tanee  to  be  84  feet.    In  the  four  years,  therefore,  since  Code's  measurement^)  were  made  the  water 
table  at  this  point  has  lowered  11.5  feet. 
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although  only  6  feet  thick,  is  not  local  in  occurrence,  as  is  shown  by 
the  quantity  of  water  it  supplies.  As  already  stated,  the  water  from 
this  stratum  rose  2  feet  higher  than  that  from  the  horizon  above.  The 
log  of  the  well  is  given  below: 

Log  of  bored  well  of  S.  J.  Murj)hy^  on  Murphy- yfcQueen  ranch,  Me^i,  Ariz. 

Fet'l. 

Surface  soil lo 

Cemented  gravel  and  bowlders,  water  bearing. ' 159 

Loose  gravel,  sand,  and  bowlders,  water  bearing 42 

Clay,  "soft  limestone,  and  chalk  rock" • 408 

Gravel  and  coarse  sand,  water  bearing 6 

Alternating  layers  of  sand  and  clay 72 

Clav  and  * '  talc  " 6<>5 


Total : 1,305 

Only  one  other  well  in  the  Mesa  region  has  penetrated  to  the  depth 
of  the  lower  flow.  One  of  the  first  series  of  wells  on  the  Chandler 
ranch  is  705  feet  deep,  but  did  not  encounter  this  sand.  This,  how- 
ever, does  not  necessarilj^  indicate  that  the  lower  stratum  may  not  be 
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Fig.  3.— Ideiil  cross  aection  in  Salt  River  Valley,  illustratinj?  mi^rrations  of  river  as  valley  flour  wa* 

built  up. 

found  in  other  parts  of  the  valley.  Variation  and  abrupt  change  in 
the  character  of  the  valley  till,  both  vertically  and  horizontally,  ren- 
der it  as  probable  that  this  stratum  increases  in  thickness  and  perhai)^ 
passes  into  bowlder  beds  riverward  as  that  it  thins  and  disappears. 
Since  the  river  is  the  main  source  of  the  valley  fill,  and  since  it  is  the 
onlv  source  of  the  extensive  bowlder  beds  in  the  center  of  the  vallev, 
we  naturall}'  expect  more  or  less  coarse  material  from  bottom  to  top 
of  the  valley  fill.  As  the  river  swung  back  and  forth  across  the  valley 
in  the  process  of  depositing  the  valley  fill,  we  should  expect  to  find  the 
greatest  amount  of  coarse  material  in  the  center  of  the  valle}%  althongii 
occasional  layers  should  be  found  near  the  outer  edges  where  the  river 
left  it  durijig  an  excursion  to  the  side.  However,  as  explained  in 
another  place,  the  hill  wa.sh  is  always  working  downward  to  meet  the 
river  wash.  The  natural  result  is  that  at  any  given  horizon  liowldci's 
should  be  found  where  the  river  flowed  at  the  time  the  horizon  was  the 
land  surface.  Back  from  the  river  the  material  should  be  finer,  per- 
haps sand,  and  still  farther  back  it  should  run  into  clay,  silt,  cement, 
or  wash,  as  the  case  may  be. 
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This  change  in  deposits  is  ilhistrated  in  fig.  3,  in  which  A  repre- 
.sents  a  well  some  distance  from  the  center  of  the  valley,  and  B  another, 
more  nearl}^  medial.  In  A  lK)wlders  and  water  are  encountered  only 
at  a  considei-able  depth  (the  case  with  one  of  the  Chandler  wells), 
while  at  B  they  are  found  near  the  top  and  again  midway.  If  the 
well  does  not  go  through  the  second  clay  we  have  the  case  of  the 
>Iurphy-McQueen  well.  In  this  case  the  same  horizon  in  A  j-ields  no 
water — as  was  just  cited  in  the  705-foot  Chandler  well.  Wells  put 
down  in  the  center  of  the  valley  would  proUibly  encounter  a  greater 
^g^regate  thickness  of  water-bearing  gravel,  while  a  well  at  the 
extreme  left  would  be  entirely  outside  of  the  water-bearing  sands  and 
gmvels  and  yet  be  in  purely  fluviatile  material. 

An  attempt  was  made  to  take  the  temperature  of  the  1,305-foot 
well.  At  a  depth  of  349  feet  the  thermometer  lodged  apparentl}-  in 
sand.  The  temperature  at  this  depth  was  found  to  be  78.1^  F.  At  a 
depth  of  150  feet  the  temperature  is  77.6^  F.,  an  increase  downward 
of  onlv  0.5^  for  199  feet. 

CONSOLIDATED  CANAL  COMPANY'S  WELLS. 

The  Consolidated  Canal  Company  owns  a  large  central  power  plant 
situated  at  the  edge  of  the  mesa  north  of  the  town  of  Mesa.  The 
plant  is  so  constructed  that  water  power  may  be  used  when  water  can 
be  secured  in  sufficient  quantities.  Water  for  the  Tempe  canal'  is  taken 
from  the  river  at  the  upper  end  of  the  valley  and  conducted  through 
the  consolidated  canal  to  the  surface  of  the  mesa,  where  it  descends 
through  the  power  plant  to  the  lower  level  of  the  Tempe  canal. 
During  times  of  low  water  the  power  is  created  by  steam,  using  crude 
oil  as  fuel.  According  to  P.  H  Fuller,  the  engineer  in  charge,  the 
plant  is  supplied  w^ith  two  250-horsepower  water-tube  boilers,  one  400- 
horsepower  compound  condensing  engine,  one  300-kilowatt  electric 
generator,  and  a  complete  fuel-oil  system,  together  with  necessary 
auxiliary  equipment.  The  plant  supplies  electric  power  to  the  towns 
of  Mesa  and  Tempe,  but  is  principally  used  in  pumping  water  for  irri- 
gation. The  electric  power  is  transmitted  to  the  pump  stations  at 
11,000  volts,  where  it  is  transformed  to  220  volts  for  the  50-horsepower 
motors.  Power  is  supplied  at  present  to  four  pumping  plants,  each 
yielding  about  200  inches  of  water  continuously.  The  power  plant  is 
designed  for  a  maximum  of  six  pumping  plants,  yielding  a  total  of  1,200 
inches  of  water.  About  3,300  acres  of  land  are  now  supplied  with  water 
from  the  four  pumps  and  this  acreage  is  being  rapidl)^  increased.  E^ch 
pumping  plant  cost  $8,0(M)  complete,  while  the  central  power  plant  cost 
$50,000. 

Mr.  Fuller  has  conducted  certain  experiments  on  the  cost  of  pump- 
ing water,  some  of  which  are  quoted  in  detail  later.  His  general 
conclusion  is  as  follows: 

IKR  136—05—2 
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The  water  is  lifted  a  total  distance  of  50  feet  and  the  water-horeejwwer  is  28.»i>. 
The  actual  power  consumed  at  the  motor  in  pumping  this  water  is  42.88,  represent- 
ing a  combined  efficiency  of  66.06  per  cent.  A  number  of  losses  occur  from  the  engine 
shaft  to  the  motor,  and  it  therefore  retjuires  57.17  horsepower  at  the  engine  shaft  to 
pump  200  inches  of  water,  and,  as  this  represents  28.33  water-horsepower,  there  is: 
a  total  efficiency  for  the  plant  of  49.55  per  cent. 

Oil  costs  $1.65  a  barrel  of  42  gallons.  The  fuel  item  I  found  to  be  1  cent  per  h<»rse- 
power  per  hour  at  the  engine  shaft,  or  57.17  cents  pt*r  hour  for  200  inches  of  water, 
or  0.285  cents  per  inch  per  hour.  Inasmuch  as  the  lifts  in  the  various  plants  here 
discussed  are  different,  I  have  resolved  into  cost  per  inch,  per  foot,  and  per  hour. 
The  above  plant  costs  on  this  basis  0.0057  of  a  cent  \>er  inch  per  foot  lift  per  Hour. 

PLANT  NO.    1. 

The  first  pumping  plant  was  established  about  6  miles  south  of 
Mesa  (sec.  22,  T.  1  S.,  R.  5  E.).  There  are  three  double-st«el-cased 
12-inch  drilled  wells  15  feet  apart.  They  are  705  feet,  236  feet,  and  U^J 
feet  deep,  respectively.  At  a  depth  of  80  feet  a  gravel  and  Ixjwlder 
bed  156  feet  thick  was  encountered.  The  water  from  this  }>ed  is 
admitted  through  perforations  in  the  casing  and  rises  to  within  36  feet 
of  the  surface.  Below  the  bowlder  bed  occurs  acla\'  containing  small 
bands  of  sand  and  gravel  and  continuing  downward  at  least  to  a  depth 
of  705  feet,  the  depth  of  the  well.    .Following  is  a  log  of  the  well: 

Lo(f  of  the  ConaoUdated  Vamil  Company^ 8  tvell  at  plant  No,  1. 

Ftft 

Soil  and  clay » 42 

Sand 3 

Clav  and  cement .'55 

Gravel  and  bowlders,  water  bearing? 156 

Over  the  central  well  a  shaft  9  feet  in  diameter  is  sunk  to  a  depth  of 
31  feet.  From  the  bottom  of  this  tunnels  are  run  laterallv  to  com- 
municat^  with  the  wells  on  either  side.  A  horizontal  suction  pipe, 
from  w^hich  a  vertical  suction  pipe  extends  into  each  well,  as  de«*crilHHi 
for  the  Murphj^-McQueen  plant,  connects  the  wells.  An  8-inch  hori- 
zontal centrifugal  pump  is  placed  at  the  bottom  of  the  shaft  in  order 
to  be  within  suction  distance  of  the  water,  and  an  electric  motor  i** 
attached  by  direct  connection.  The  water  is  thus  drawn  from  the 
wells  by  suction  and  forced  to  the  surface  above  through  a  large 
delivery  pipe.     (See  PI.  III.) 

Several  instructive  pumping  tests  were  made  at  this  plant  in  the 
spring  of  1902  for  the  purpose  of  ascertaining  the  capacity  of  the 
wells  both  individually  and  collectively  and  the  effect  upon  the  general 
water  level. 

Puifipmg  tesfK  <>f  the  Consofidated  Canal  (  ompany^ «  plant  No.  1. 

[March  10,  1902.] 
Original  depths  of  wells:  Ft.       in. 

North  well 705      0 

Central  well *...  146      0 

Southwell ,„ 236     0 
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Depth  of  water  below  the  surface  previous  to  ntarting:  the  pump:  Ft.  in. 

North  well 34  8J 

Central  well M  8 

South  well *- 34  11 

TeM  No.  J. — Central  well  alone  (others  being  shut  off):  After  two  hours'  steady 

pumping  the  water  stood  (below  surface): 

Ft.    In. 

North  well m    7i 

Central  well 55    4 

South  well 36    3 

Quantity  pumped:  50  inches  (563  gallons  per  minute).^' 


N 


Normal 


«ster      C 


l«v«l 


s  • 


-r r-i -^—r- 

\      7 


Fig.  4.— Depression  of  water  table  during  teat  No.  1. 

Tett  No.  2. — North  well  (others  being  shut  off) :  After  seven  hours'  steady  pumping 
the  water  stood  (below  surface): 

Ft,     in. 

North  well 46    6 

Central  well 38    0 

South  well 36    8 

Quantity  pumped:  83  inches  (934  gallons  per  minute). 


N 


Mormal 


water     C       level 


• 
• 

» 
♦ 

f 

■ 

Fro.  5. — Depression  of  water  table  during  le«t  No.  2. 


oMeasarexnents  of  water  in  this  paper  are  given  in  "Arizona  inrhes."  The  measurements  are 
reduced  to  absolute  quantities  by  reckoumg  40  inches  as  equivalent  to  the  discharge  cf  1  cubic  foot 
ol  Water  per  second. 
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Test  No.  S, — South  well  alone  (others  being  ehut  off):  After  two  hours*  steady 

pumping  the  water  stood  (below  surface): 

Ft.  in- 
North  well 36   5 

Cen tral  w  e  11 36   5 

South  well 48   5 

Quantity  pumped:  75  inches  (844  gallons  per  minute). 

N  Normal        water        C      lev«l 


Fig.  6.— Depression  of  water  table  during  test  No.  3. 

Test  No.  4.— North  and  south  wells  coupled  (central  well  shut  off):  After  pumping 
one  hour  the  water  stood  (below  surface): 

Ft.    in. 

North  well .- 42    7 

Central  well 38    9 

South  well 43    7 

Quantity  pumped,  128  inches  (1,440  gallons  per  minute). 


N 


Normal 


water      C      level 


S 


. 

? 

' 

Fig.  7.— DepR'ssion  of  water  table  during  text  No.  4. 

Test  No.  5. — All  wells  combined:  After  pumping  several  hours  the  water  stooQ 

( below  surface ) : 

Ft.   in. 

North  well 41    4 

Central  well 41    2 

Southwell 40    8 

Quantity  pumped,  128  inches  (1,440  gallons  per  minute). 


N 


Normal 


water    C 


level 


Water 


Surface 


01 


during  pufnp»n| 


Fig.  8.— Depression  of  water  table  during  test  No.  5. 
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Analyseti  of  ftxUerfroni  tvelU  at  Oorwolidated  Canal  Compam/s  plant  Xo.  /.« 


1.  Aimlyfiiflof 
water  til  ken 
from  705- foot 

well  befort» 
any  extennlvo 
pumping  had 

been  done. 


gnanlitalive  (parts  in  100.000): 
Total  soluble  Molids  at  110<=  (\ 


Chlorine  In  terms  of  NaCl  (com- 
mon salt) 


Hardnevfl'in  term!<  of  CaSOf  (muI- 
phale  of  lime) 


299.00 


154.80 


20.90 


2.  AnalyniH  of 
water  taken 
from  236- foot 

well  Hoon  after 

eittablishment 
of  plant  but 

after  thorough 
pumping. 


168.80 


3.  AnalvHiNof 

water  from 
wellK  at  plant 
No.  1  after  the 
pump  had  been 
in  occaaional 
operation  for 
about  fifteen 
months. 


4.  AnnlyKiN  of 
water  from 
wells  at  Con- 
solidated Canal 
Co.'s  plant  No. 
1  after  long- 
con  tin  uea 
pumping. 


Alkalinity  in   terms  of  NasCO^ 
( black  alkali) 


.00 
.29 
.0105 


104.40 


44.fi0 


Nitrogen  in  the  form  of  nitrates . 
Nitrogen  in  the  form  of  nitrites  . 
Qualitative: 

Sulphates '    Very  strong. 

Magnesia Strong. 

Lime Strong. 

Bicarbonates Strong. 


.00 

.12 

Very  faint. 


'    Very  strong. 

Very  strong. 

Very  strong. 

Strong. 


I 


127.40 

75.60 

23.10 

.00 

.07 

Trace. 

Strong. 
Distinct. 
Pnmounced. 
Strong.  I 


179.00 

lift.  HO 

53.30 

.00 

Trace. 

.00 

Very  strong. 

Strong. 

Strong. 

Slight. 


a  These  ana]y.Ne5.  as  well  as  the  greater  number  of  those  to  follow,  were  made  by  f*rof.  R.  H.  Forties 
and  W.  W.  Skinner,  at  the  Government  experimental  laboratory  at  Tucson,  Ariz. 

The  sample  of  water  represented  by  analysis  No.  2  was  taken  after 
the  well  had  been  thoroughly  cleared  b}'  pumping.  It  may  therefore 
be  taken  as  representative  of  the  true  quality  of  the  water  pumped  at 
the  time  the  sample  was  taken.  Samples  from  the  other  two  wells 
were  taken  at  the  same  time.  That  from  the  705-foot  well  yielded 
157.40  parts  of  total  soluble  solids  in  100,000  parts  of  water,  and  that 
from  the  146-foot  well  showed  172.20  parts  in  100,000.  The  analysis 
of  the  water  from  the  236-foot  well  given  above  may  be  taken,  there- 
fore, as  an  average  representative  of  the  three  wells. 

An  injection  of  these  figures  brings  clearly  to  mind  the  fact  that 
the  water  in  a  well  not  in  active  operation  is  not  a  fair  representative 
of  the  general  supply,  there  being  in  this  case  at  least  a  difference  of 
135.8  parts  of  soluble  salts  in  100,000  parts  of  water.  There  are  many 
instances  in  the  valley  where  water  for  analysis  has  been  taken  under 
similar  circumstances  and  are  therefore  of  questionable  value.  The 
inspection  also  reveals  a  difference  in  the  proportion  of  the  various 
salts,  which  may  be  due  to  one  or  more  of  several  causes,  such  as  the 
commingling  of  the  waters  of  different  composition,  the  contact  of  these 
waters  with  new  formations,  chemical  reactions  within  the  steel  casing, 
exposure  to  the  atmosphere,  or  the  relief  of  pressure.  The  last  two 
would  apply  especially  to  alterations  in  the  bicarbonates,  which  are 
abundant  in  these  waters.  The  relief  of  pressure  and  the  exposure  to 
the  atmosphere  would  have  a  tendency  to  allow  the  escape  of  the  car- 
bon dioxide  necessary  to  keep  the  normal  carbonates  in  solution  and 
thus  allow  the  bicarbonates  to  change  to  their  insoluble  form  and  be 
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deposited.  There  should  therefore  be  a  smaller  showing  of  lime  in 
standing  water  than  in  that  drawn  from  the  deeper  unexposed  sources. 
In  the  above  samples  the  proportion  is  20.90  to  44.50,  the  samples 
being  taken  from  the  same  well  before  and  after  thorough  clearing  of 
the  well  by  pumping. 

The  lime  is  stated  in  terms  of  calcium  sulphate.  This  does  not  mean 
that  the  lime  is  of  necessity  combinexi  as  a  sulphate.  Much  of  the 
lime  reckoned  as  calcium  sulphate  probably  occurs  as  calcium  bicar- 
bonate. The  loss  of  carbon  dioxide  (COj)  from  this  ciompound,  which 
occurs  when  the  pressure  is  relieved,  as  in  the  case  of  transferring  the 
water  from  the  well  to  the  surface,  changes  it  to  the  compai-ativelv 
insoluble  calcium  carbonate  (CaCO,),  which  is  deposited  a«  a  solid. 
This  phenomenon  of  deposition  of  lime  when  water  stands  exposecl 
is  well  illustrated  in  the  annoying  deposition  of  lime  in  kettles  and 
di'inking  cups  in  which  water  containing  carbonates  is  used. 

The  third  analysis  indicates  a  marked  decrease  in  the  amount  of  sol- 
uble salts.  There  is  a  popular  belief  throughout  the  valley  that  wells 
improve  by  use.  In  many  cases  where  the  judgment  is  based  upon  taste 
it  is  probable  that  the  quality  of  the  water  has  changed  less  than  the 
taste  of  the  persons  using  it.  In  the  case  of  the  (Chandler  wells,  how- 
ever, the  analyses  seemed  to  indicate  that  there  might  be  an  actual  and 
notable  improvement  in  the  water  as  the  wells  are  used.  On  the 
other  hand,  a  change  in  the  opposite  direction  is  indicated  by  the 
analyses  of  the  Phoenix  city  supply,  which  are  given  in  the  description 
of  the  Phoenix  wells.  The  improvement  of  the  water  by  the  continued 
use  of  the  wells  is  so  desirable  that  too  much  importance  is  likely  to  lie 
attached  to  any  indication  of  such  improvement.  This  is  well  illustrated 
in  analysis  No.  4,  a]x)ve.  After  the  sample  for  No.  3  was  taken  the  well 
was  in  continuous  operation  for  about  nine  months,  when  the  sample 
was  taken  for  analysis  No.  4.  If  continuous  pumping  will  improve 
the  quality  of  the  water  the  last  analysis  should  show  improvement. 
On  the  contrar}',  it  indicates  a  notable  increase  in  the  salt  contents. 

An  attempt  was  made  January  IJ),  1904,  to  take  the  temperature  of 
the  705-foot  well.  It  was  found,  however,  that  the  well  had  tilled  with 
sand  to  the  375-foot  level.  The  temperature  at  this  depth  is  S4.0-  F., 
while  the  temperature  at  the  depth  of  150  feet  was  found  t^o  l>e  81. 1"^  F., 
making  an  increase  in  temperature  downward  of  1"^  F.  for  64.3  feet. 

PLANT   NO.  2. 

A  second  pumping  plant,  similar  in  construction  to  No.  1,  has  been 
established  1,000  feet  east  of  the  former.  Two  15-inch  double-steel- 
ciised  wells  have  been  put  down  to  a  depth  of  a  little  over  246  feet, 
and  a  central  shaft  31  feet  deep,  with  a  tunnel  connecting  it  with  the 
wells  on  either  side,  has  been  constructed,  containing  a  10-inch  cen- 
trifugal pump  and  electric  motor,  a.s  described  for  the  first  plant 
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This  plant  was  oompleted  in  June,  1903,  and  a  careful  pumping  test  was 
made,  the  results  of  which  are  kindly  furnished  by  Dr.  A.  J.  Chandler 
for  this  report.  The  tests  were  i-onducted  under  the  dire<!tion  of 
Mr.  P.  E.  Fuller. 

Ijyg  of  well  at  QjvsolidfiUd  Canal  Companif^ h  ))larit  Xo.  2, 

Feet. 

Soil,  clay,  and  cement 22 

Ceujent 14 

Sand,  water  hearing 10 

Cement <> 

White  clav  *M) 

Sand,  gravel,  and  lK>wlders 164 

Yellow  clay (?) 

Pumping  test  of  wella  at  ( brmolidatrd  Canal  0)mpany^»  plant  Xo.  3. 

[Data  furnished  by  Dr.  A.  J.  Chandler.] 

AYERA(iE  OP   READINGS    OF   BYRON   JACKSON    10-INCH    HORIZONT.\L   CENTRIFUGAL  PUMP. 

[Readings  for  30  minutet^  averaged.] 

Rpeetl,  r.  p.  m 852 

Vacuum,  in  feet J5. 30 

Pressure,  in  pounds 13.  75 

Head,  in  feet,  between  gages 3,  f>6 

Head,  in  feet,  due  to  vacuum 15.  30 

Head,  in  feet,  due  to  pressure 31. 68 

Total  head,  in  feet 50. 65 

Depth  of  water  i;i  3tJ-inch  weir 7.  75 

Miner's  inches  flowing 197.  5 

Net  water  horsepower 28.  33 

Miner's  inch  taken  at  li  cubic  feet  per  minute. 

AVERAGE   OF   READINGS  OF   WESTINGHOUSE  TYPE    "0"    TWO-PRASE   MOTORS. 

Speed  of  motor,  r.  p.  m 852 

Total  amperes  in  both  phases 188 

Difference  of  potential 205 

Apparent  energy,  kilowatts 38. 54 

Watt  meter  speed 40 

True  energy,  in  kilowatts 32. 80 

Po  wer  factor 1 83. 03 

Actual  horsepower  consumed 42.  88 

Combined  efficiency 66. 0() 

Efficiency  for  motor 82. 50 

Efficiency  for  pump 80 

Efficiencies  for  units  are  correct.     Others  ba.sed  upon  pump  guaranty. 
From  the  figures  thus  obtained  the  cost  of  raising  water  is  computed: 

Computation  of  oM  for  pumping  plant  Xo.  -^  of  tlie  Consolidated  Canal  Company. 

Coat  of  wells  and  machinery $8, 000.  00 

Interest  on  investment  at  7  per  cent  per  annum  for  2.44  hours $0. 16 

Depreciation  at  10  per  cent  per  annum  for  2.44  hours $0.  23 

Time  in  hoars  to  pump  1  acre-foot  of  water 2. 44 
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80.03  kilowatts,  at  3  («ents $2.40 

Oil  and  incidentals  (estimated ) |0. 05 

Total  cost  per  acre-foot $2. 84 

Li  ft,  in  feet 50.  H4 

Average  cost  per  foot  in  lifting  1  acre-foot  of  water $0.  CV»6 

In  computing  the  cost,  the  cost  of  the  power  used  could  not  be 
ascertained  owing  to  the  lack  of  definite  experiments  in  the  develop- 
ment of  that  power.  This  item  is  therefore  reckoned  at  the  rate  at 
which  it  would  be  furnished  by  the  Electric  Light  and  Fuel  Com- 
pany of  Phoenix. 

PLANT  NO.  3  (sec.  34,  T.  1  S.,  R.  5  E.). 

A  third  pumping  station  has  been  established  about  2  miles  south  of 
the  first.  Two  double-steel-cased  16-inch  wells  have  been  drilled  262 
feet  deep,  and  provided  with  a  10-inch  centrifugal  pump  and  an  electric 
motor,  as  in  the  wells  previously  described.  The  water-bearing  grav- 
els lie  42  feet  deeper  here  than  in  the  first  set  of  wells,  and  the  gravel 
beds  are  correspondingly  thinner.  But  the  water  rises  to  practically 
the  same  elevation  as  in  the  other  wells,  37  feet  below  the  ground  sur- 
face.    Following  is  a  log  of  the  well: 

Log  of  well  at  Consolidated  Canal  Company^  ft  phnt  No.  S. 

Surface  soil 4 

Sand 3 

Hardpan 5 

Sand 4 

Clay S 

Sand \'2 

Clay S 

Cement 0 

Sand,  water  bearing 10 

Clay 20 

Cement 4 

White  clay Ift 

Yellow  clay 10 

(ireen  clay 12 

Gravel  and  ])owlder8,  water  bearing .• 1:^6 

Clay  and  Rand 4 

The  plant  was  put  in  operation  in  June,  1903,  and  a  pumping  test 
made  under  the  direction  of  Mr.  Fuller. 

Pumping  te»t  of  veils  at  ( busolidated  Canal  ( htnpany^s  plant  No.  .l 

[Data  furnished  by  Dr.  A.  J.  Chandler.] 

AVEKA<;K   of  KKAI)IN(}S   ok    BYROX    .IACKSON    lO-INcn    horizontal  CENTRIFrOAL   PUMP. 

[Readings  for  30  minutes  averaged.] 

Speed,  r.  p.  ni 860 

Vacuum,  in  feet 14.  *>0 

Pressure,  in  pounds 12.5*) 
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Head,  in  feet,  between  gages "1 3. 85 

Head,  in  feet,  due  to  vacuum 14. 34 

Head,  in  feet,  due  to  pressure 29. 37 

Total  head,  in  feet 47. 56 

Depth  in  water  in  36-inoh  weir 7.  87 

Miner's  inches  flowing 202 

Net  water  horsepower 27. 22 

Miner's  inch  taken  at  1 J  cubic  feet  per  minute. 

.WBRAGB  OF   READINGS  OF   WESTINOHOrSB  TYPE    '*0"    TWO-PHASE   MOTORS. 

Speed  of  motor,  r.  p.  m 860 

Total  amperes  in  both  phases 186 

Difference  of  potential 205 

Apparent  energy,  kilowatts ;^.  13 

Watt  meter  speed 40 

True  energy,  in  kilowatts 32 

Power  factor 83. 09 

Actual  horsepower  consumed 42. 88 

Combined  eflSciency 63. 48 

Efficiency  for  motor 80. 80 

Efficiency  for  pump 78. 50 

Efficiencies  for  units  are  correct.     Others  are  based  upon  pump  guaranty. 

From  the  figures  obtained  in  this  test  the  computation  of  cost  is  as 
follows: 

Computation  of  cost  of  veil  No.  3  of  the  Consolidated  Canal  Company. 

Coat  of  wells  and  machinery $8, 000. 00 

Interest  on  investment  at  7  per  cent  per  annum  for  2.4  hours $0. 15 

I^preciation  at  10  per  cent  per  annum  for  2.4  hours |0. 19 

Time  in  hours  to  pump  1  acre-foot 2. 4 

Kilowatts  used  to  pump  1  acre-foot 76. 8 

76. 8  kilowatts,  at  3  cents $2. 30 

Oil  and  incidentals  (estimated ) $0. 05 

Total  cost  per  acre-foot $2. 69 

Lift,  in  feet 47.56 

Average  cost  per  foot  in  lifting  1  ac^re-foot  of  water $0. 054 
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Anal  y  sen  of  mater  from  irelijt  at  Consolidated  (hnal  ( 'omftany^  s  plant  No.  S. 


Quantitative  (parts  in  100.000): 

Total  solidH  soluble  at  1 10°  C 

Chlorine  in  terniR  of  NaCl  (com- 
mon salt) 


Hanlness  in  termn  of  CaSO^  (sul- 
phate of  lime) 

Alkalinity   in   terms    of   Na^COs 
(black  alkali) 

Nitrogen  in  the  form  of  nitrates.  . 

Nitrogen  in  the  form  of  nitrites.. 

Qualitative: 

Sulphates 

Magnesia 

Lime 

Bicarbonates 


Sample  taken 
before  any  pump- 
ing had  been 
done. 


162.  40 

80.40 

52.  20 

.00 

.274 

.0061 

Very  strong. 

Strong. 

Very  strong. 


I    Sample  taken 
Sample  taken    '  h'SS^' 'Ilf  ^.Z 

pumping.  .        ,„^  g^u',  ^.j^^, 

moiiths. 


ft4.80 

82.60 

44.60 

41.20 

18.50 

.  1. 10 

.00 

.00 

.266 

.10 

Trace. 

1 

.0 

Strong. 

Strong. 

Distinct. 

Distinct. 

Strong. 

Distinct, 

Very  strong. 

Strong. 

PLANT   NO.  tt  (sec.  34:,  T.   1  S.,  R.  5  E.). 

A  fourth  pumping  station  has  been  established  about  a  quarter  of  a 
mile  east  of  No.  3.  There  are  two  double-steel-cased  wells  about  2<Ki 
feet  deep,  equipped  with  electric  motor  and  pump  as  described  for  the 
other  plants  belonging  to  this  company.  The  plant  was  put  in  oj)ora- 
tion  about  January  1,  1904.  No  pumping  tests  have  3'et  been  made, 
but  the  plant  yields  apparently  the  same  volume  of  water  as  the  wells 
just  described. 

AnaliffdH  of  v^ater  from  welh  at  fhnsolidatcd  Canal  (y)mp<my* s  plant  Xo.  4- 

[Sample  taken  January  2«.  1904.] 

Quantitative  (parts  in  100,000): 

Total  solids  soUihlc  at  1 10°  (' 6^.  00 

Chlorine  in  terms  of  Na(M  ( coinmon  salt ) 40.  U) 

Hardness  in  terms  of  C'aSO,  (sulphate  of  Hme) 14.  70 

Alkalinity  in  terms  of  Na^C-O.,  (l)lack  alkali) 00 

Nitrogen  in  the  form  of  nitrates 20 

Qualitative: 

Sulphates Stri»ng. 

Magnesia I Hstincl. 

Lime 1  Hstinct. 

Bicarbonates Strong. 
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PLANT  NO.    5    (sec.    15,    T.    2   S.,    R.    5    E.). 

A  fifth  pumping  plant  was  started  about  11  miles  south  of  Mesa, 
where  a  lo-inch  double-steel-cased  well  was  sunk  365  feet.  The  con- 
ditions encountered  were  unfavorable  for  a  satisfactory  pumping  plant, 
and  no  more  wells  were  put  down.  At  a  depth  of  58  feet  a  -l-foot 
water-bearing  sand  stratum  was  encountered  from  which  the  water 
rose  7  feet — that  is,  to  within  51  feet  of  the  surface.  No  more  water 
was  found  until  the  bowlders  were  encountered  at  a  depth  of  365  feet. 
Water  from  the  bowlder  bed  rose  to  the  same  level  as  that  from  the 
stratum  above— that  is,  to  within  51  feet  of  the  surface.  No  test  of 
the  quantity  available  has  been  made. 

Log  of  well  at  (btisolidated  Canal  Companif  8  plant  No.  .5. 

Feet. 

Soil ! 7 

Gravel 5 

Yellow  clav 12 

Sand  and  gravel 12 

White  clay 22 

Sand,  water  bearing 6 

Packed  gravel 22 

Cemented  sand 24 

Clay 8 

Cemented  sand 6 

Clay 4 

Gravel 6 

Clay 74 

Sand 2 

Clay 20 

Sand 2 

Yellowclay 78 

Reilclay 23 

Soft  white  clay M 

Bowlders (?) 

The  material  passed  through  in  this  well  is  in  marked  contrast  with 
that  of  the  neighboring  wells.  The  upper  136  feet  has  much  coarse 
material,  but  contains  little  water.  Thei'e  is  thus  far  little  difference 
in  material  from  the  upper  126  feet  of  the  wells  at  No.  3,  about  3  miles 
to  the  north.  In  the  wells  at  No.  3  water-bearing  bowlders  occur  from 
the  126-foot  level  down  to  262  feet,  where  clav  is  encountered.  In  the 
wells  at  No.  5  clay  begins  at  the  134-foot  level  and  extends  downward 
to  a  depth  of  365  feet,  where  the  bowlders  are  encountered.  Here, 
then,  is  a  case  where  a  bowlder  bed  136  feet  thick  either  pinches  out 
entirely,  giving  place  to  clay  within  a  distance  of  about  3  miles,  or 
inclines  downward  239  feet  in  this  distance. 
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PLANT  NO.    6. 

About  1  mile  east  of  pumping  plant  No.  1  a  dug  well  58  feet  dee[) 
containn  water  in  suflBcient  quantity  to  warrant  the  e-stablisbment  of  a 
pumping  plant.  It  is  said  that  in  digging  this  well  a  hard  layer  of 
cement  was  encountered  at  a  depth  of  a  little  less  than  58  feet.  When 
this  was  broken  through  the  water  at  once  rose  16  feet  in  tbe  opt^n 
well — that  is,  to  within  42  feet  of  the  surface.  This  well  is  in  tfUghtly 
higher  ground,  but  the  water  level  is  practically  the  same  as  that  in 
the  wells  1  mile  to  the  west,  at  pumping  plant  No.  1.  The  water  beneath 
the  cement  layer  is  probably  the  same  as  that  encountered  in  the  wells 
of  plant  No.  1  at  a  depth  of  36  and  42  feet,  respectively,  and  in  the 
wells  2  miles  to  the  south  at  50  feet  deep.  In  the  deep  wells  this  water- 
bearing sand  was  found  to  be  from  3  to  10  feet  thick,  and  to  contain  a 
large  amount  of  water. 

The  analysis  indicates  that  this  water  is  completely  separated  from 
the  water  in  the  bowlder  bed  beneath.  Two  characteristics  are  worthy 
of  special  notice — the  absence  of  sulphate  of  lime  and  the  presence  of 
a  large  amount  of  black  alkali.  In  these  respects  the  water  is  in 
marked  contrast  with  that  found  only  36  feet  below,  which  ban  much 
sulphate  of  lime  and  no  black  alkali. 

Analym  of  water  from  well  at  Consolidated  Canal  Company* a  plant  No,  6. 

Qaantitative  (parts  in  100,000): 

Total  solids  soluble  at  110°  C 103.20 

Chlorine  in  terms  of  NaCl  (common  salt) 48. 8*) 

Hardness  in  tenns  of  CaSO^  (sulphate  of  lime) 00 

Alkalinity  in  terms  of  Na,CO,  (black  alkali) 7. 6:? 

Nitrogen  in  the  form  of  nitrates .21 

Nitrogen  in  the  form  of  nitrites 0094 

Qualitative: 

Sulphates Strong. 

Magnesia Distinct 

Lime Distinct. 

Carbonates • Slight 

PLANT  NO.  7. 

A  well  has  been  drilled  at  the  power  house  of  the  Consolidated 
Canal  Company,  2  miles' northwest  of  Mesa,  for  the  purpose  of  obtain- 
ing water  for  use  at  the  engine  house.  It  is  a  15-ineh  double-steel- 
cased  well,  and  is  68  feet  deep.  The  upper  14  feet  is  an  admixture 
of  sand,  silt,  and  bowlders  of  the  recent  river  deposit.  Below  this  a 
cemented  bowlder  bed  occurs  and  continues  unchanged  to  the  bottom 
of  the  well.  The  bowlder  bed  is  probably  the  same  as  that  represented 
in  the  edge  of  the  mesa  at  that  point.  The  well  is  but  a  few  feet  from 
the  bluff  represented  in  PI.  IV,  A, 

Jjog  of  well  at  Consolidated  Canal  ( 'ompany*s  plant  No.  7. 

r  PCI. 

Sand,  silt,  and  gravel 14 

Cemented  bowlders 54 


A.     iOGE  OF  T 
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SEEPAGE   WELL. 

A  seepage  well  was  constructed  near  the  power  house  of  the 
Consolidated  Canal  Company,  under  the  direction  of  W.  II.  Code, 
who  has  described  it  in  the  report  previously  referred  to.® 

The  plant  is  not  now  in  operation.  Mr.  Code's  descrip- 
tion and  figure  are  here  transcribed  because  of  their  bear- 
ing upon  the  quantity  of  water  obtainable  from  surfac^e 
gravels  near  the  river. 

The  writer  has  had  some  experience  in  the  sinking  of  open  weLln 
in  Salt  River  Valley,  which  may  be  of  value  to  some  horticulturists 
or  farmers  who  contemplate  a  similar  work.  To  a  man  who  has 
not  had  actual  experience  with  the  bowlder  and  quicksand  strata 
encountered  in  digging  wells  in  this  vicinity,  the  mere  excavation 
of  an  open  well  may  seem  ordinarily  easy. 

The  Consolidated  Canal  Company  decided  to  investigate  the  under- 
ground water  supply  in  the  vicinity  of  their  water-power  plant  near 
Mesa,  Ariz.  Since  it  was  to  be  simply  an  experimental  well,  it  was 
thought  best  to  construct  it  in  the  least  expensive  manner  possible. 
With  this  end  in  view  a  contract  was  given  to  some  miners  to  sink 
a  well  as  deep  as  we  should  desire,  at  a  stipulated  price  per  linear 
foot  in  depth,  we  to  keep  the  water  out  of  their  way  and  also  to 
furnish  the  lumber  for  cribbing  the  well.  The  miners  proceeded  in 
the  manner  common  in  the  sinking  and  timbering  of  mining  shafte, 
and  we  kept  the  water  out  of  their  way  as  per  contract.  The  natural 
elevation  of  the  ground  water  was  7  feet  l)elow  the  surface  level  at 
the  point  selected,  and  for  this  distance  the  excavation  was  in  earth. 
From  this  depth  on  the  formation  was  alternate  layers  of  quicksand 
and  l)owlder8.  The  well  was  8  by  16  feet,  inside  measurement,  and 
by  dint  of  perseverance  in  the  face  of  many  obstacles,  we  sunk  it  to 
a  depth  of  23  feet  Ijelow  the  normal  level  of  the  water.  It  is  needless 
to  enter  into  detail  concerning  the  trouble  and  expense  connected  with 
sinking  this  kind  of  a  well  through  the  material  above  mentioned  to 
a  depth  sufficient  to  give  a  maximum  flow  of  4  cubic  feet  per  second 
(160  miner's  inches).  We  were  taught  by  this  experience  how  not 
to  sink  open  wells,  for  although  this  one  is  still  in  fair  condition  after 
a  service  of  several  years,  we  know  it  is  not  a  permanent  stnicture. 

After  the  well  was  sunk  as  deep  as  we  deemed  practicable,  the 
writer  made  some  observations  as  to  the  effect  of  the  steady  pumping 
of  3.75  cubic  feet  per  second  (150  miner's  inches)  on  the  Mater  levels 
of  adjacent  wells.  Pits  were  sunk  at  varying  distances  from  the  large 
central  well,  and  careful  levels  were  taken  of  the  surface  of  the  water 
in  each  well  previous  to  the  tetJt  run,  the  elevations  l^eing  found  prac- 
tically the  same.  The  pump  was  started  in  the  central  well  and  dis- 
chargetl  a  constant  stream  of  3.75  cubic  feet  per  second  for  one  hun<lre<l 
and  four  hours,  near  the  end  of  which  time  levels  were  again  taken  of 
the  water  in  the  various  sumps.  The  sketch  herewith  submitted  shows 
the  result  of  the  experiment  (fig.  9).  It  will  l)e  seen  that  the  water 
in  the  large  well  pumped  from  was  lowered  to  a  depth  of  17.68  feet 
below  normal  level.  No.  1,  distant  55  feet,  to  a  depth  of  6.76  feet  l)elow 
normal  level;  No.  2,  distant  90  feet,  to  a  depth  of  5.94  feet  below  normal 
level;   No.  3,  distant  118  feet,  to  a  depth  of  4.90  feet  below  normal  level;   No.  4, 


.^^ 


eO|</ 


a  Code,  W.  H.,  Report  of  Irrigation  investigation  for  1900,  No.  2:  V.  S.  Dept.  Agric,  Bull.  104, 
1901,  pp.  M-96.  fig.  14. 
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distant  180  feet,  to  a  depth  of  3.50  feet  below  normal  level;  and  No.  5,  distant  360 
feet,  to  a  depth  of  1  foot  below  normal  level. 

It  will  be  noted  that  the  snmp  at  a  distance  of  360  feet  from  the  main  well  was 
lowered  a  depth  of  about  1  foot  and  that  the  steepest  cone  of  depression  was  that 
between  the  main  w^ell  and  the  test  hole  No.  1. 

OLSEN  WELLS  (SEC.  i8,  T.  i  S.,  R.  5  E.). 

Mr.  E.  Olseii's  pumping  plant  is  situated  about  6  miles  southwest 
of  Mesa.  There  are  five  12-inch  double-steel-cased  drilled  wells,  212 
feet  deep,  placed  30  feet  apart.  A  central  shaft  sunk  to  water  level 
communicates  with  the  wells  as  in  the  pumping  plants  previously 
described.  A  12-inch  horizontal  centrifugal  pump  is  placed  near  the 
bottom  of  the  shaft  and  operated  by  steam  power  from  above.  When 
run  at  ordinary  speed  the  pump  is  said  to  discharge  375  inches  of 
water  (4,219  gallons)  per  minute.  The  wells  yield  this  amount  readily, 
the  action  of  the  pump  lowering  the  water  only  8  feet  below  the 
normal  level. 

Ia)(J  of  E.  Olaai^s  well. 

Feel. 

Sandy  soil  with  ImndH  of  cement 1 , 46 

Clay 2 

Coarse  gravel  and  bowlders,  water  bearing 82 

Sand 4 

Clay 12 

Coarse  gravel 14 

Sand ^ 10 

Sand  and  gravel 6 

Clay 24 

Sand 12 

The  principal  water-bearing  stratum  was  encountered  at  a  depth  of 
48  feet  and  is  82  feet  thick.  The  wat-er  from  this  stratum  rises  to  a 
level  19  feet  below  the  surface  of  the  ground.  This  level,  however, 
varies  somewhat  at  different  times.  On  February  1,  1903,  measure- 
ments were  made  to  determine  the  amount  of  the  lowering  of  the 
water  level  caused  by  the  pump.  On  April  14,  1903,  measurements 
were  again  made  under  the  same  conditions,  the  quantity  of  water 
discharged  by  the  pump  being  the  same  in  each  case,  4,219  gallons 
per  minute.  The  water  level  at  the  time  of  the  first  measurement 
was  2  feet  lower  than  at  the  time  of  the  second  measurement.  The 
normal  water  level,  indicated  bv  the  elevation  of  the  water  when  the 
pumps  were  not  running,  had  also  risen  about  2  feet  during  this  time. 
This  variation  of  water  level  seems  to  be  due  to  an  annual  changi\ 
although  observations  have  not  extended  over  a  sufiScient  length  of 
time  for  determination. 

The  analysis  of  water  from  Mr.  Olsen's  wells  indicates  a  large  con- 
tent of  salts.  The  sodium  carbonate  or  black  alkali,  which  is  most 
harmful,  is,  however,  absent.     The  sulphate  of  lime  is  harmless,  and 
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the  common  salt,  although  very  abundant,  could  l)e  washed  out  of  the 
soil  with  comparative  ease  should  itaccunmlate  in  too  large  quantities. 
The  nitrates,  so  valuable  in  irrigation,  area])undant.  It  is  possible,  as 
many  l)elieve,  that  the  continued  use  of  so  saline  an  irrigation  water 
for  a  series  of  years  will  prove  harmful  to  the  land,  imless  precautions 
are  taken  to  prevent  the  accumulation  of  salts  in  harmful  (juantities. 
The  quantity  and  kind  of  salt  which  may  be  present  in  irrigation 
waters  depend  so  largely  upon  the  physical  and  chemical  comjxjsition 
of  the  land  irrigated  and  upon  the  manipulation  of  that  land  that  pre- 
diction is  useless  without  a  more  extended  knowledge  of  facts. 

Analysis  of  water  from  E.  Olseji^s  urIL 

Quantitative  (parts  in  100; 000) : 

Total  solids  soluble  at  110°  C 381.00 

Chlorine  in  terms  of  NaCM  (common  salt) 2:Vy.  20 

Hardness  in  terms  of  TaSO^  (sulphate  of  lime) 59.  84 

Alkalinity  in  terms  of  NajCOj  ( bla(;k  alkali ) 0 

Nitrogen  in  the  form  of  nitrates 2. 00 

Nitn^)gen  in  the  form  of  nitrites Faint. 

Qualitative: 

Sulphates Very  stn)ng. 

Magnesia Strong. 

Lime Very  strong. 

Bicarbonates Very  strong. 

HANSEN  WELLS  (SEC.  35,  T.  i  S.,  R.  4  E.). 

Mr.  A.  J.  Hansen's  pumping  plant  is  located  about  lU  miles  south 
of  Tempe.  There  are  four  12-inch  drilled  wells,  double-steel  cased, 
80  feet  apart,  and  sunk  to  a  depth  of  200  feet.  A  central  shaft  con- 
taining a  12-inch  horizontal  centrifugal  pump  is  sunk  to  water  level. 
From  this  shaft  tunnels  communicate  with  the  wells  as  explained  for 
the  Murphy-McQueen  plant,  and  the  wells  are  connected  by  a  hori- 
zontal suction  pipe.  The  pump  is  operated  at  the  surface  by  steam 
power,  connected  by  belt  to  the  pump. 

No  satisfactory  tests  have  been  made  on  the  capacity  of  the  plant. 
The  best  measurements  obtainable  indicate  a  yield  of  about  518  inches 
(see  PI.  IV,  J?),  or  something  over  5,000  gallons  of  water  per  minute. 
Mr.  Hansen  is  preparing  to  irrigate,  in  this  wa}*,  his  entire  tract  of 
something  over  1,100  acres.  At  the  present  writing  about  500  acres 
are  supplied  with  pumped  water. 

When  the  pump  is  run  at  full  speed,  drawing  from  the  four  wells 
alike,  the  water  level  in  the  wells  is  lowered  9  feet  3  inches,  making 
the  total  lift  26  feet  3  inches.  When  the  water  is  drawn  entirelv  from 
an  end  well,  the  others  being  shut  off,  the  water  level  in  that  well  is 
said  to  lower  18  feet,  while  in  the  well  90  feet  distant  it  lowers  5  feet. 
The  effect  on  the  intervening  wells  was  not  determined. 
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In  drilling^  the  wells  verj^  little  surface  water  was  encountered,  but 
at  a  depth  of  76  feet  water-bearing  gravels  and  bowlders  were  encoun- 
tered, from  which  the  water  rose  53  feet — that  is,  to  17  feet  below  toe 
surface  of  the  ground. 

Ijog  of  A.  J.  Hansen* 8  wdls. 

Fefi. 

Soil,  sand,  and  cement 72 

Hard  («ment 4 

Coarse  sand,  gravel,  and  bowlders,  water  bearing 124 

In  the  course  of  the  drilling  two  circumstances  were  noted  indica- 
ting the  looseness  of  the  water-bearing  gravels.  In  drilling  the  la^st 
well  it  was  noted  that  the  water  in  the  first  one,  90  feet  distant,  moved 
in  unison  with  the  plunge  of  the  sand  pump.  As  the  sand  bucket, 
with  its  massive  attachments,  descended,  the  water  surface  in  the  first 
well  was  agitated  and  moved  slightly  upward.  As  the  sand  bucket 
was  withdrawn  the  water  surface  was  lowered  slightly,  maintaining  a 
churning  motion  in  unison  with  the  drill.  The  second  circumstance 
was  noted  in  connection  with  sinking  the  casing.  The  casing  is  usu- 
ally forced  downward  under  heavy  pressure  by  means  of  hydraulic 
jacks  into  the  hole  made  by  the  sand  pump.  In  Mr.  Hansen^s  wells 
the  gravels  were  so  loose  that  the  casing  settled  into  them  of  its 
own  weight  and  had  to  be  held  back  to  prevent  it  from  settling  faster 
than  desired. 

Three  analyses  have  been  made  of  water  from  these  wells,  the  tir>t 
taken  January  2,  1903,  and  the  second  March  2,  1903,  before  any 
extensive  pumping  had  been  done.  A  third  analysis  was  made  May 
14,  1904,  after  the  pump  had  beeo  in  constant  operation  for  about 
five  months. 

Analyses  of  water  from  A.  J.  Hansen* »  wells. 


No.  1. 


Quantitative  (parta  in  100,000): 

Total  solids  soluble  at  110°  C 

Chlorine  in  terms  of  NaCl  (com- 
mon salt) 

Hardness  in  terms  of  CaS04  (sul- 
phate of  lime) 

Alkalinity   in    terms  of  Na,(X)3 
(black  alkali ) 

Nitrogen  in  the  form  of  nitrates 

Nitrogen  in  the  form  of  nitrites 

Qualitative: 

Sulphates Very  strong. 

Magnesia Very  strong. 


509.0 

355.0 

60.9 

.0 


No.  2. 


Lime 


Very  strong. 


446.8 

307.0 

135.4 

.0 
Faint. 
Faint.  ! 


Very  stnjng. 
Very  strong. 
Very  strong. 


No.  3- 


442. 0 

HI  1.0 

151.2 

.0 
Trace. 

.01 


Very  ptronjr. 

Strong. 

Very  strong. 
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TEMPE  CANAL  COMPANY'S  WELLS  (SEC.  19,  T.  z  N.,  R.  4  E.). 

The  Tempe  Canal  Company  has  undertaken  the  construction  of  a 
large  pumping  plant,  designed  to  augment  the  water  supply  of  the 
Tempe  canal.  A  battery  of  ten  16-inch  wells  is  planned.  Two  of 
the^e  are  completed  at  the  present  writing.  The  wells  are  50  feet 
apart,  and  will  be  operated  from  a  central  station.  It  is  expected 
that  the  ten  will  yield  1,000  inches  of  water.  It  is  the  purpose  of 
the  company  to  increase  the  output  to  3,000  inches,  if  water  is  found 
in  sufficient  quantity  to  warrant  such  expansion. 

The  pumps  will  be  so  placed  as  to  discharge  the  water  into  the  Tempe 
canal,  thus  mixing  the  pumped  water  with  the  river  water  and  dis- 
tributing it  uniformly. 

The  material  encountered  in  these  wells  differs  notably  from  that  in 
neighboring  wells  in  the  absence  of  the  great  number  of  bowlders. 
The  material  is  described  as  sand  and  gravel  rather  than  as  gravel  and 
bowlders,  as  in  other  wells,  and  the  lower  33  feet  is  clay. 

Log  of  Tempe  Canal  Company*  8  wells. 

Feet. 

Soil 10 

Sand  and  gravel 167 

Clay.. 33 

VALLEY  SEEDLESS  QRAPE  COMPANY'S  WELLS  (SEC.  4,  T.  i  S., 

R.  4  E.). 

The  company's  vineyard  is  situated  about  4  miles  south  of  Tempe. 
There  are  two  12-inch  drilled  wells,  one  at  the  southern  end  of  the 
vineyard,  348  feet  deep,  and  one  at  the  northern  end,  250  feet  deep. 
In  the  250-foot  well  water-bearing  gravels  were  encountered  at  a  depth 
of  about  190  feet.  The  water  from  the  gravel  bed  rose  to  a  level  18 
feet  below  the  surface  of  the  ground.  The  348-foot  well  is  on  higher 
land  and  the  water  level  is  30  feet  below  the  surface.  No  careful 
driller's  record  was  kept,  but  the  foreman  in  charge  reported  that  the 
material  passed  through  was  a  mixture  of  sand,  clay,  and  cement  to  a 
depth  of  about  120  feet.  At  this  depth  sands  and  gravels  begin  and 
alternate  with  granitic  wash  to  a  depth  of  about  300  feet.  No  water 
worthy  of  mention  was  found  until  a  bed  of  gravel  9  feet  thick  was 
encountered  at  a  depth  of  about  275  feet.  Below  the  300-foot  level 
the  material  is  granitic  wash  down  to  340  feet,  where  hard  red  granite 
was  found.     The  well  penetrates  the  granite  8  feet. 

The  250-foot  well  is  not  in  use  at  the  present  time.  The  348-foot 
well  is  operated  to  irrigate  the  vineyard  by  a  centrifugal  pump  placed 
in  a  shaft  sunk  to  near  water  level  and  operated  by  a  12-horsepower 
gasoline  engine.  The  water  is  pumped  into  a  ^mall  cement  reservoir 
from  which  it  is  distributed  for  irrigation, 

IBR  186—05 3 
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Repeated  efforts  were  made  to  secure  measurements  in  a  te«t  nin  of 
this  plant  for  the  purpose  of  computing  the  costof  water  thus  obtained. 
In  the  meantime  Prof.  S.  M.  Woodward,  of  the  Arizona  Experiment 
Station,  working  independently  to  the  same  end,  obtained  measure- 
ments which  he  has  kindly  allowed  me  to  use.  The  test  run  consumed 
1.5  hours,  the  quantity  of  water  pumped  during  that  time  bein^  meas- 
ured in  the  cement  reservoir  and  the  rate  per  second  computed.  The 
water  in  the  well  was  lowered  11.5  feet  when  the  pump  started  and 
remained  constant  during  the  run.  The  water  was  lifted  5.5  feet 
above  the  level  of  the  ground,  making  a  total  lift  of  47  feet.  The 
plant  is  vstill  in  an  experimental  stage  and  certain  easily  remedied 
faults  in  construction  will  reduce  the  cost  given  below.  Owing  also 
to  these  imperfections,  the  liability  to  error  in  measurements  is  need- 
lessly great.  Those  taken  by  Professor  Woodward  are  probably  as 
accurate  as  can  be  obtained  at  the  present  time.  The  original  cost  of 
the  plant  could  not  be  obtained  and  attendance  is  not  included  in  the 
following  computations: 

Cost  qfjmmping  water  at  the  Valley  Seedless  Grape  Company^ s  xineyard. 

Rate  of  discharge  in  cubic  feet  per  seconds 1.15 

Distillate  consumed  per  hour,  in  gallons 1.6 

Time  to  pump  1  acre-foot,  in  hours 10. 52 

Distillate  consumed  per  acre-foot  of  water  pumped,  in  gallons 16. 83 

16.83gallonsof  distillate,  at  22  cents $3.70 

Oil  and  incidentals |>0. 05 

Total  cost  per  acre-foot |»3.  75 

Lift  in  feet 47 

Average  cost  per  foot  in  raising  an  acre-foot $0, 08 

Analyses  of  tuater  from  the  Vall4iy  Seedless  Grape  Company* $  icells. 


Quantitative  (parts  in  100,000): 

Total  solids  soluble  at  110°  C 

Chlorine  in  terms  of  NaCl  (common  salt) 

Hardness  in  terms  of  CaSO^  (sulphate  of  lime) 

Alkalinity  in  terms  of  Na,COg  (black  alkali) . . 
Qualitative: 

Sulphates 

Magnesia 

Lime 


TEMPE  WATERWORKS  WELLS. 

The  town  of  Tempe  is  supplied  with  water  from  three  12- inch 
double-steel-cased  wells,  152  feet,  147  feet,  and  145  feet  deep,  re8i>ec- 
tively.     The  water-bearing  gravels  were  entered  at  a  depth  of  12  feet 


348-foot  well. 

250-foot  well. 

155.8 

1 15.  2 

105.4 

78.6 

21.8 

11.4 

.0 

.0 

Strong. 

Strong 

Pronounced. 

Pronoiinc*^!. 

Strong. 

Strong. 

A.    TEMPE  BUTTE.  SHOWING  RESERVOIR  NEAR  THE  TOP. 
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and  the  surface  of  the  water  at  23  feet.  The  water  is  under  no  pres- 
sure and  is  not  capped  by  an  impervious  clay,  as  it  is  in  most  places 
throughout  the  valley. 

The  plant  is  a  well-equipped  one,  with  a  shaft  20  by  20  feet,  sunk 
15  feet,  and  containing  a  Goulds  triplex  single-acting  pump  and  30- 
horsepower  electric  motor.  The  three  wells  are  connected  by  a  hori- 
zontal suction  pipe,  from  which  a  vertical  suction  pipe  extends  into 
each  well,  inside  the  casing.  The  water  is  forced  to  a  reservoir  near 
the  top  of  Tempe  Butte,  making  a  total  lift  of  249  feet.     (PI.  V,  A.) 

It  is  especially  worthy  of  note  that  at  Tempe  the  water-bearing 
gravels  extend  practically  to  the  surface,  the  shallow  wells  reach- 
ing the  same  water  body  from  which  the  deep  wells  draw.  This  is 
not  the  case  1  mile  south  of  Tempe  at  H.  L.  Chandler's  well,  where 
the  surface  waters  are  separated  from  the  waters  of  the  great  bowlder 
bed  by  impervious  clay.  Analyses  of  water  from  the  deep  wells  and 
from  shallow  wells  near  by  indicate  the  same  kinds  of  salts  in  both  the 
shallow  and  deep  wells,  but  show  varying  amounts.  The  following 
analyses  are  from  wells  only  a  few  blocks  apart.  The  town  well  is 
perforated  only  below  90  feet,  and  the  water  analyzed  from  this  well 
is  presumably  from  that  depth.  The  others  are  from  wells  about  30 
feet  deep. 

Lag  of  Tempe  waterworks  well. 

Feet. 

Surface  soil 4 

Clay  and  bowlders 6 

Clay,  sand,  and  bowlders,  cemented 2 

Loose  sand,  gravel,  and  bowlders,  water  bearing 117 

Igneous  rock 23 

Analyses  of 'water  from  welk  at  Tempe,  Ariz. 


Quantitative  (parts  in  100,000) : 

Total  solids  soluble  at  110°  C. . . . 

Chlorine  in  terms  of  NaCl  (com- 
mon salt) 

Hardness  in  terms  of  CaSOi  (sul- 
phate of  lime) 

Alkalinity  in  terms  of   Na,COs 
(black  alkali) 

Nitrogen  in  the  form  of  nitrates . 

Nitrogen  in  the  form  of  nitrites. . 

Qualitative: 

Sulphates 

Magnesia 

Lime 


City  waterworks: 
152  feet. 


Caaa  Loma  Hotel. 


169.8 

105.8 

12.9 


Normal  School; 
80  feet. 


103.0 

58.8 

9.52 

.0 

.17 

.0 

Strong.  Very  strong.  |  Very  strong. 
Strong.  Pronounced.  Very  strong. 
Strong.      Very  strong.  ,     Very  strong. 


.0 

.18 

.0027 


219.2 

133.6 

15.78 

.0 

.51 

.0 
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At  the  request  of  the  writer,  Mr.  P.  E.  Fuller,  the  engineer  under 
whose  direction  the  pumping  plant  was  constructed,  made  a  careful 
test  of  the  quantity  of  water  pumped,  power  consumed,  etc.  Mr. 
Fuller  has  been  kind  enough  to  put  the  observations  in  the  tabular 
form  given  below: 

Test  of  pumping  plant  of  Tempe  city  waterworks,  August  2,  1903. 

READINGS. 


Time. 

Voltage 

between 

phases. 

Total 
amperes. 

Prenmire 
gage. 

Vacuum. 

Watt  meter, 
one  phase. 

Revolutions 
of  pump;  6i 
gailonsper 
revolution. 

Velocity     Differ- 

watt          ence 

meters  i>er  betw<^en 

minute,      gages. 

4.20fl  .. 
4.40.... 
4.50.... 
5 

5.10.... 
5.20«>  .. 

175.0 
177.5 
182.5 
172. 5 
165.0 
152.5 

170. 83 

170 
170 
170 
.170 
170 
172 

Pounds. 
99 
99 
99 
99 
99 
99 

Inches. 
15.25 
15.25 
15.25 
14.75 
14.75 
14.50 

1,  747, 200 
1, 747, 700 
1,748,050 
1,748,320 
1,748,580 
1,748,830 

810. 310 
811. 221 
811. 623 
812.056 
812. 487 
812.848 

37.00 

34.50 
34.50 
35.50 
33.50 

3.33 
3.33 
3.33 
3.33 
3.33 
3.33 

Total. 

170.33 

99 

14.96 

l,630kw. 

2, 538  rev. 

35.00 

3.33 

a  Running  start  was  made;  watt  meter  was  87.3  per  cent  fast,  volt  meter  was  1  per  cent  low — ^for 
all  readings  of  watts  and  voltage. 
b  Low  readings  due  to  low  voltage  at  power  house. 

DEDUCTIONS. 

Average  voltage  corrected  for  error 172. 55 

Average  amperes  in  both  phases 170. 33 

Apparent  energy  consumed  by  motor kilowatts. .  29. 39 

Actual  eniergy  consumed do. . .  23. 51 

Power  factor per  cent. .  80. 00 

Horsepower  actually  consumed  by  motor 31. 51 

Average  gallons  of  water  pmnped  per  minute 274. 95 

Total  head,  in  feet,  pumped  against 248. 87 

Net  water  horsepower -. 18. 49 

Combined   efficiency  of   motor,  pump,  suction  piping,  and  }-mile  8-inch 

main per  cent. .  58. 68 

Power  rate  paid  per  thousand  gallons  pumped cents.  -  4 

Reducing  the  figures  to  the  basis  of  cost  per  acre-foot  of  water  lifted, 
we  have  the  following: 

Cost  of  pumping  water  at  the  Tempe^  Ariz.,  waterworks. 

Cost  of  plant  (not  including  the  reservoir  and  distributing  system) $3,  700. 00 

Interest  on  mveatment  at  7  per  cent  per  annum  for  19.8  hours |0.  59 

Depreciation  at  10  per  cent  per  annum  for  19.8  hours $0. 84 

Hours  to  pump  1  acre-foot 19. 8 

Cost  of  power  to  raise  1  acre-foot  (power  furnished  at  4  cents  per  1,000 

gallons  of  water  pumped ) $13. 07 

Oil  and  incidentals  (estimated) 10. 05 
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Total  cost  per  acre-foot $14.56 

Total  lift  in  feet 249 

Avera|<e  cost  per  foot  in  lifting  1  acre-foot  of  water |0. 058 

CHANDLER  WELL  (SEC.  21,  T.  i  N.,  R.  4  B.). 

Mr.  H.  L.  Chandler  proposes  to  establish  a  pumping  plant  for  irri- 
gation about  1  mile  south  of  Temjje.  Two  12-inch  double-steel-cased 
wells  were  started,  but  accidents  have  caused  a  discontinuance  of  the 
work.  One  well,  however,  reached  a  depth  of  186  feet,  and  the 
record,  furnished  by  the  driller,  is  given  herewith.  The  well  is  in 
water-bearing  gravels  and  bowlders  throughout  nearly  the  entire 
depth.  There  seem,  however,  to  be  two  distinct  bodies  of  bowlders 
separated  by  8  feet  of  clay.  The  upper  or  surface  water  is  alkaline, 
from  which  the  lower  water  is  probably  free,  as  is  the  case  in  other 
wells  of  the  region.  The  lower  water  was  struck  at  a  depth  of  41  feet 
below  the  surface.  An  unusually  large  number  of  heavy  bowlders 
were  encountered  in  these  wells,  making  the  drilling  a  matter  of  some 
difficulty,  but  at  the  same  time  indicating  a  comparatively  free  passage 
for  the  underflow.  It  is  in  the  beds  of  coarse  gravels  and  bowlders 
that  the  greatest  available  quantity  of  water  is  to  be  expected. 

Log  of  H.  L.  Chandler*  B  toeU. 

Feet. 

Soil  and  cement 11 

Gravel  and  bowlders,  water  bearing 22 

Clay 8 

Gravel  and  bowlders,  water  bearing 145 

A  sample  of  the  water  was  taken  for  analysis  from  near  the  bottom  of 
the  well,  the  water  being  obtained  from  the  sand  pump  as  the  bucket 
was  hoisted.  The  sample  is  not  therefore  representative  of  the  water 
at  this  locality.  The  alkali  is  probably  from  water  of  the  upper 
stratum.  Samples  of  water  taken  in  this  way  from  other  wells  which 
were  afterwards  cleared  by  pumping  show  a  greater  proportion  of 
salts  than  samples  taken  after  pumping.  The  analysis,  however,  is 
here  given  for  the  sake  of  completeness  and  for  the  purpose  of  indi- 
cating something  of  the  quantity  of  salts  contained  in  the  waters  of 
this  locality. 

AncUygis  of  water  from  H.  L.  Chandler's  well, 

Qnantitative  (parts  in  100,000): 

Total  BoUds  soluble  at  110*  0 224.00 

Chlorine  in  terms  of  NaCl  (common  salt) 146. 00 

Hardness  in  terms  of  CaS04  (sulphate  of  lime) 00 

Alkalinity  in  terms  of  Na,CO,  (black  alkali) 2.12 

Qualitative: 

Sulphates Very  strong. 

Magnesia Very  strong. 

lime Strong. 
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This  well  was  utilized  to  some  extent  during  the  summer  of  1904. 
A  solar  motor,  established  temporarily,  for  the  past  four  months 
has  pumped  350  to  380  gallons  of  water  per  minute  during  the  hours 
of  sunshine. 

FLUMMBRFELT  VSTELL  (SEC.  ii,  T.  z  S.,  R.  4  E.) 

Mr.  Bristol  Flummerf elt  has  a  6-inch  drilled  well  61  feet  deep.  The 
surface  water  at  his  place  proved  unsatisfactory  both  in  quantity  and 
quality,  and  his  object  in  drilling  was  to  obtain  a  supply  for  domestic 
use.  A  solid  casing  was  used  to  shut  off  the  surface  water  and  the 
well  was  put  down  only  6  feet  into  the  gravels,  since  all  the  water 
needed  was  obtained  at  that  depth.  The  quantity  and  quality  of  the 
water  from  the  55-foot  level  indicate  that  it  comes  from  the  bodv 
encountered  as  the  second  horizon  in  the  deeper  wells  of  the  same 
region. 

Log  of  Bristol  FlummerfeJV  8  well. 

Feet, 

Soil 10 

Cement,  with  sand  and  gravel 30 

Clay 15 

Gravel  and  bowlders,  water  bearing 6- 

• 
Analysis  of  water  from  Bristol  Flummerf elVs  well. 

Quantitative  (parts  in  100,000): 

Total  solids  soluble  at  110°  C 186.(X) 

Chlorine  in  terms  of  NaCl  (common  salt) 122. 00 

Hardness  in  terms  of  CaSO^  (sulphate  of  lime) 13. 60 

Alkalinity  in  terms  of  NajCOs  (black  alkali) 0. 00 

Qualitative: 

Sulphates Strong- 
Magnesia Strong. 

Lime Very  strong. 

Bicarbonates Very  strong. 

BARTLETT-HEARD  LAND  AND  CATTLE  COMPANY'S  WELLS. 

D.  B.  Heard  has  sunk  two  wells  south  of  Tempe.  The  first  is  1,0(X) 
feet  west  of  the  railroad  and  the  second  about  2,000  feet  east  of  the 
railroad.  Both  are  15-inch  double-steel-cased  wells,  the  first  259  feet 
deep  and  the  second  217  feet.  Water  was  not  obtained  in  satisfactory 
quantities  in  either  well;  the  first  yielding  practi(»lly  none  and  the 
second  too  little  to  warrant  the  establishment  of  an  extensive  pumping 
plant  such  as  was  planned.  These  wells  were  therefore  practically 
abandoned,  and  the  plant  is  to  be  established  farther  to  the  west  as 
described  elsewhere. 

In  well  No.  1,  sunk  1,000  feet  west  of  the  railroad  (sec.  4,  T.  1  S., 
K.  4  E.),  gravels  and  bowlders  were  encountered  similar  to  those  in 
other  wells  of  the  vioinity,  except  that  they  were  cemented  together 
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with  caliche  allowing  little  water  to  pass  among  them.  The  well  is 
1,000  feet  west  of  one  of  the  wells  at  the  Valley  Seedless  Grape  Com- 
pany's vineyard  which  yields  a  good  .supply  of  water.  At  this  point 
therefore  the  line  marking  the  zone  of  abundant  underground  water 
is  to  be  drawn  between  the^e  wells. 

Tah;  of  BarUelt- Heard  well  No.  J. 

Feet. 

Soil  and  cement 34 

Gravel 6 

Cemented  wash 83 

Cemented  bowlders 136 

• 

Well  No.  2,  sunk  2,000  feet  east  of  the  railroad  (sec.  3,  T.  1  S.,  R. 
4  E.),  was  found  somewhat  more  promising  than  the  first  but  the 
available  quantity  of  water  was  limited.  The  material  passed  through 
was  almost  entirely  tine  wash  cemented  by  caliche;  bed  rock  was 
struck  at  a  depth  of  217  feet.  Well  No.  2  is  farther  from  the  Salt 
River  Mountains  by  3,000  feet  than  well  No.  1.  It  is  furthermore  in 
the  direction  in  which,  judging  from  records  of  other  wells,  favorable 
conditions  for  a  satisfactory  water  supply  are  naturally  expected;  yet 
the  well  penetrates  very  little  water-bearing  material  and  reaches 
granite  at  the  bottom. 

Lo{j  of  Rartlett-Heard  well  No.  2. 

Feet. 

Soil  and  cement 22 

Oment,  water  in  pores 14 

Cement '^ 

Bowlders  and  clay 6 

Clay  and  cement 38 

Gravel,  water  bearing 6 

Clay  and  cement ?^ 

Cement i 4 

Clay : 8 

Cement 6 

Clay 16 

Cement 4 

Clav 10 

(Tranitic  wash 17 

Bedrock ? 

JOHNSON  WELL  (SEC.  30,  T.  i  N..  R.  5  E.). 

Mr.  B.  F.  Johnson  ha«  a  shallow  well  10  by  6  feet  and  33  feet  deep 
with  10  feet  of  water,  from  which  he  is  pumping  about  150  inches  of 
water,  using  an  8-inch  centrifugal  pump  and  a  30-horsepower  gasoline 
engine.  The  well  yields  this  amount  of  water  readily,  the  water 
being  lowered  by  the  pump  only  3.5  feet. 

The  available  quantity  of  water  seems  to  warrant  more  extensive 
development.  Two  12-inch  double-steel-eased  wells  have  been  drilled 
and  the  inatallation  of  the  pumping  plant  is  in  progress.    The  wells 
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are  180  feet  deep,  and  penetrate  the  gravel  and  bowlders  common  in 
that  region.  It  is  woilhy  of  note  that  clay  and  granitic  wash  were 
found  beneath  the  bowlders. 

Log  of  well  of  B.  F.  Johnson ^  near  Mesa^  Ariz. 

Feet- 
Soil 10 

Sand,  gravel,  and  bowlders 125 

Clay 37 

Granitic  wash 8 

TEMPE-MESA  PRODUCE  COMPANY'S  WELL  (SEC.  23,  T.  i   N.,  R.  4  E.). 

The  company  has  recently  established  a  pumping  plant  at  its 
creamery  near  Tempe.  There  is  one  12-inch  double-steel-cased  well 
100  feet  deep.  As  indicated  in  the  log  it  is  in  loose  gravel  and 
bowlders  through  practically  the  whole  depth. 

Xo<7  of  Tempe- Mesa  Produce  Company's  v^U. 

Feet. 

Soil 10 

Gravel  and  bowlders ; 90 

DESERT  WELL  (SEC.  11.  T.  i  S.,  R.  7  E.). 

This  well  is  located  about  15  miles  southeast  of  Mesa,  on  the  road 
leading  from  Mesa  to  Florence,  and  is  owned  at  the  present  time  bj' 
Thomas  Buchanan.  The  well,  which  was  dug  in  1885,  is  212  feet 
deep  and  contains  24  feet  of  water.  On  a  platform  near  the  surface 
of  the  water  is  a  pump  and  small  steam  engine,  supplied  by  steam 
generated  above  ground,  which  lifts  water  at  the  rate  of  25  gallons 
per  minute.  The  surface  of  the  water  is  lowered  10  feet  by  the  pump, 
at  which  stage  the  inflow  equals  the  demand  of  the  pump. 

Log  of  Desert  well. 

Feet. 

"  Wa«h  "  (sand,  pebbles,  clay,  and  cement) 150 

Sand 2 

Cement 20 

Sand  and  gravel 5 

Cement ? 

Water-bearing  gravel ? 

The  material  penetrated  in  digging  the  well  varies  little  in  the  1S8 
feet  exposed  above  the  water.  The  sides  are  not  cased,  except  in  three 
places  where  loose  sand  was  encountered.  The  material  is  '*wash-' 
from  the  hills.  It  is  an  intimate  admixture  of  clay,  sand,  and  pebbles 
more  or  less  cemented  in  places  by  caliche.  The  pebbles  are  angular 
and  give  slight  indication  of  the  action  of  water.  Although  the  sides 
of  the  well  are  not  protected  in  any  way,  they  have  stood  fof  eighteen 
years  without  material  change.  Little  moisture  reaches  them  from  the 
surface,  and  no  water-bearing  seams  were  encountered  until  near  the 
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bottom.  ^At  a  depth  of  212  feet  a  cemeDt  layer  was  penetrated  and 
water  encountered  under  sufScient  pressure  to  raise  it  24  feet. 

Mr.  Buchanan  reports  that  the  water  has  been  steadily  rising  in  the 
well  for  eight  years — ever  since  he  has  owned  the  well.  Even  during 
the  exceptionally  dry  years  of  1901  and  1902,  when  many  of  the  shal- 
lower wells  of  the  valley  entirely  failed,  the  water  in  Desert  well 
steadily  increased  in  volume.  This  increase  is  somewhat  vividly  indi- 
cated by  the  present  position  of  the  engine  and  pump  in  the  well. 
When  placed  there  the  platform  upon  which  they  rest  was  built  at  a 
convenient  distance  above  the  surface  of  the  water.  At  the  time  of 
my  visit  the  water  was  3  feet  deep  over  the  platform  and  the  engine 
and  pump  were  submerged. 

The  quantity  of  water  does  not  appear  to  be  such  as  to  warrant  the 
supposition  that  this  well  draws  from  the  great  gravel  beds  furnishing 
the  principal  flow  in  the  wells  farther  west.  Twenty -five  gallons  per 
minute  is  a  small  volume  compared  with  that  yielded  by  some  of  the 
wells,  and  yet  this  yield  lowers  the  water  in  Desert  well  about  10  feet. 
The  quality  of  the  water  as  shown  by  the  following  analysis  and  the 
elevation  of  the  water  1,260  feet  as  against  1,134  in  the  Murphy- 
McQueen  well  renders  it  probable  that  the  stratum  from  which  the 
desert  well  draws  its  supply  is  connected  with  what  is  known  as  the 
surface  flow  of  the  valley  rather  than  with  the  deeper  and  larger  flow. 
In  order  to  strike  the  level  of  the  water-bearing  gravels  which  supply 
the  water  for  the  large  pumping  plants  of  the  valley  Desert  well 
would  have  to  be*  lowered  about  100  feet. 

Analysis  of  water  from  Desert  weU. 

Quantitative  (parts  in  100,000): 

Total  solids  soluble  at  11 0*»  C 32.00 

Chlorine  in  terms  of  NaCl  (common  salt) 6. 20 

Hardness  in  terms  of  CaSO^  (sulphate  of  lime) 00 

Alkalinity  in  terms  of  Na,COs  (black  alkali) 4. 66 

Nitrogen  in  terms  of  nitrates 494 

Nitrogen  in  terms  of  nitrites Very  faint. 

Qualitative: 

Sulphates Faint. 

Magnesia Very  faint. 

Lime Faint. 

Bicarbonates None. 

KLEINMAN  WELL  (T.  a  S.,  R.  9  E.). 

Mr.  Daniel  Kleinman's  well  is  about  10  miles  southeast  of  Desert 
well  and  25  miles  southeast  of  Mesa,  on  the  Mesa-Florence  road.  It 
was  dug  to  a  depth  of  272  feet,  and  from  the  bottom  a  14rinch  pipe 
was  driven  12  feet,  making  the  total  depth  284  feet.  The  log  of  the 
well  could  not  be  obtained.  The  quantity  of  bowlders  taken  from  the 
well,  however,  indicates  that  bowlder  and  gravel  beds  make  up  a  large 
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part  of  the  material  passed  through.  These  bowlders  have  a  maximum 
diameter  of  something  over  1  foot  and  are  thoroughly  water  worn. 
They  are  composed  of  quartzite  and  several  varieties  of  granitic  ro<'k, 
together  with  gneisses  and  schists,  in  about  the  same  proportion  a.«< 
they  are  found  in  the  river  bed  at  the  present  time. 

The  water  flows  from  the  top  of  the  pipe  into  the  open  well,  where  it 
stands  2.5  feet  deep.  It  is  pumped  by  horsepower.  A  team  of  hoi"se.s 
working  continuously  i*aises  on  an  average  12.5  gallons  per  minute. 

BOWEN  WELL  (T.  2  S..  R.  9  E.). 

Mr.  Robert  Bowen's  well  is  situated  near  the  south  bank  of  Queen 
Creek,  about  1  mile  west  of  the  point  where  the  Florence-Mesa  road 
crosses  Queen  Creek.  The  well  is  dug  212  feet  deep  and  contains  2.5 
feet  of  water.  Although  the  water  is  so  shallow  there  seems  to  be  no 
possibility  of  exhausting  it  by  the  means  at  hand.  The  well  is  supplied 
with  both  windmill  and  horsepower  for  pumping  and  about  9  gallorkf; 
per  minute  may  be  raised,  a  yield  which  does  not  lower  the  water  level 
in  the  well  to  any  appreciable  extent.  The  water  is  said  to  show  a 
distinct  current  flowing  toward  the  west.  Floating  material  gathers  at 
the  west  side  of  the  well.  A  float  placed  at  the  east  side  is  said  to 
traverse  the  diameter  of  the  well  4  feet  in  about  three  minutes. 

The  material  passed  through  is  nearly  all  loose  gravel  and  lK)wlders. 
The  water  is  not  confined  by  a  clay  or  cement  la^^er,  but  seems  to  mark 
the  free  surface  of  the  underflow  of  Queen  Creek. 

Log  of  Robert  Boiveti's  well. 

Soil 8 

Sand,  gravel,  and  bowlders 25 

Soft  clay 6 

Sand,  gravel,  and  bowlders nO 

Soft  clay 2 

Sand,  gravel,  and  Ixjwlders 24 

Soft  clay 2t> 

Sand,  gravel,  and  bowlders  with  streaks  and  bands  of  clay  from  a  few  inche«  to 

2  feet  thick 70 

Analysis  of  water  from  Robert  Bfnoen^s  weU. 

Quantitative  (parts  in  100,000): 

Total  solids  soluble  at  110°  C 54.00 

Chlorine  in  terms  of  NaCl  (common  salt) 24. 0c> 

Hardness  in  terms  of  CaS04  (sulphate  of  lime) 16.  30 

Alkalinity  in  terms  of  NajCOj  (black  alkali) 00 

Qualitative: 

Sulphates Distinct. 

Magnesia Distinct. 

Lime Strong. 

Bicarbonatee Strong. 
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HARRINGTON  WELL  (SEC.  a,  T.  a  S.,  R.  8  E.). 

Thin  well,  which  is  owned  at  the  present  time  by  Jos6  Granillo,  is 
dug  135  feet  deep,  and  contains  about  4  feet  of  water.  No  log  could 
be  obtained.  The  well  was  dug  in  1892.  The  water  is  raised  by  horse- 
power with  barrel  and  rope,  and  is  used  for  stock  and  for  the  traveling 
public. 

ANDRADA  WELL  (T.  a  S.,  R.  7  E.). 

Sylvester  Andrada's  well  is  dug  114  feet  deep,  and  had  14  feet  of 
water  when  measured.  The  well,  which  is  used  somewhat  extensively 
for  watering  stock,  is  provided  with  a  small  traction  engine  and  pump. 
A  large  cement  and  cobblestone  tank,  about  20  feet  square  and  6  feet 
deep,  serves  as  a  reservoir.  The  capacity  of  the  pump  could  not  be 
ascertained,  but  is  not  great.  When  the  pump  is  in  operation  the 
water  is  said  to  lower  about  7  feet,  and  remains  at  that  level  until  the 
pump  stops,  when  the  water  soon  regains  its  former  level.  The  water 
is  soft,  and,  judging  from  taste,  contains  little  salt  of  any  kind. 

PRICE  WELL  (SEC.  iz,  T.  i  N.,  R.  4  E.). 

Col.  J.  A.  Price  has  a  well  15  feet  deep,  in  which  the  water  was 
found  in  the  loose  gravel  and  bowlders  of  the  recent  river  accumula- 
tions. Until  the  plant  was  burned  a  few  years  ago,  he  pumped  it  for 
irrigation  continuously  at  the  rate  of  about  600  gallons  per  minute, 
obtaining  water  at  this  rate  during  the  dryest  times;  ordinarily  it 
might  have  yielded  a  greater  amount. 

PARRY  WELL  (SEC.  14,  T.  i  N.,  R.  4  E.). 

Mr.  T.  J.  Parry's  well  is  dug  about  one-fourth  mile  south  of  the  river 
and  1  mile  east  of  Tempe.  It  is  about  40  by  60  feet  and  21  feet  deep,  the 
water  standing  17  feet  below  the  surface  of  the  ground.  The  level, 
however,  varies  with  the  water  in  the  river;  when  there  are  floods  in 
the  river  the  water  in  the  well  rises,  water  marks  on  the  sides. of  the 
well  indicating  that  variations  of  at  least  4  feet  occur.  It  is  said  that 
the  water  in  the  well  begins  to  rise  about  two  days  after  the  crest  of 
the  flood  has  passed. 

Water  is  lifted  by  means  of  a  6-horsepower  gasoline  engine  and 
bucket  pump.  When  run  at  ordinary  speed,  the  pump  discharges  673 
gallons  per  minute.  It  is  operated  about  six  hours  a  day;  a  run  of 
four  hours  in  the  morning  drains  the  well,  but  toward  evening  enough 
water  has  accumulated  for  a  two-hour  run.  The  well  penetrates  only 
a  few  feet  beneath  the  water-bearing  sands  and  gravels  and  is  not 
cribbed  or  otherwise  protected.  If  sunk  a  few  feet  deeper  it  would 
undoubtedly  yield  a  much  larger  and  more  constant  supply. 
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This  plant  offered  a  good  opportunity  of  testing  the  cost  of  raising 
water  by  means  of  a  bucket  pump  and  gasoline  engine.  The  amount 
of  gasoline  was  accurately  measured  and  the  quantity  of  water  com- 
puted from  the  average  number  of  buckets  lifted.  (It  was  found  later 
that  owing  to  a  defective  valve  more  gasoline  may  have  been  used 
than  was  necessary.) 

Cost  of  pumping  water  at  T,  J.  Parry*  8  pumping  plant. 

Cost  of  well  (estimated) $400.00 

Cost  of  engine  and  pump $500. 00 

Interest  on  investment,  at  7  per  cent  per  annum  for  8.1  hours $0. 06 

Depreciation,  at  10  per  cent  per  annum  for  8. 1  hours |0.  OS 

Amount  of  water  lifted  in  1  hour,  in  gallons 40, 320 

Hours  required  to  lift  1  acre-foot ^ 8. 1 

Gallons  of  gasoline  used  in  1  hour 1.2 

Gallons  of  gasoline  used  in  8.1  hours 9. 72 

9.72  gallons,  at  28  cents $2.72 

Oil,  etc.  (estimated) ^ $0. 05 

Total  cost  per  acre-foot $2. 91 

Total  lilt,  in  feet 18 

Average  cost  per  foot  in  lifting  1  acre-foot  of  water $0. 161 

JENKINS  SEEPAGE  DITCH  (SEC.  20,  T.  i  N.,  R.  4  E.). 

Mr.  A.  R.  Jenkins  has  a  seepage  ditch  southwest  of  Tenipe.  The 
ditch  heads  into  the  area  east  of  Bell  Butte,  where  the  underg'round 
water  surface  is  at  a  depth  of  about  8  feet.  It  has  a  maximum 
depth  of  10  feet,  thus  penetrating  the  water-charged  gravels  about 
2  feet  at  the  deepest  point.  Water  seeps  into  the  ditch  for  about 
one-fourth  of  a  mile,  and  yields  at  present  about  30  inches.  When 
the  ditch  was  first  constructed  the  underground  water  stood  within  2 
feet  of  the  surface,  but  during  the  last  few  years  the  surface  of  the 
underground  water  throughout  this  region  has  been  lowering. 

The  ditch  was  constructed  in  1895  and  the  land  irrigated  from  it 
has  had  little  other  water  since  that  time.  The  water  is  derived  from 
the  surface  flow  south  of  Tempe  and  contains  the  black  alkali  which 
is  90  much  feared  b}^  the  farmers  of  that  region.  Mr.  Jenkins  reports 
no  ill  effects  to  the  land  from  the  use  of  this  water,  although  it  has 
been  used  almost  exclusively  for  eight  years. 

Two  analyses  of  water  from  this  ditch  show  salts  as  follows: 
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A:ialy9es  of  water  from  A.  H,  Jeyikhis*8  seepage  ditch. 


No.  1. 


Quantitative  (partfi  in  100,000) : 

Total  solids  soluble  at  1 10°  C 189. 4 

Chlorine  in  terms  of  NaCi  (common  salt) 136. 0 

Hardness  in  terms  of  CaSOi  (sulphate  of  lime ) I  .0 

Alkalinity  in  terms  of  Na,CO,  (black  alkali ) i  8. 4 

Qualitative:  i 

Sulphate Very  strong. 

Magnesia 1  Strong. 

lime Strong. 


No.  2. 


216.4 

142.9 

.0 

7.7 


Strong. 

Faint. 

Strong. 


SHALLOW  WELLS. 


PHIL   METS  AND  ALHAMBRA   HOTEL  WELLS. 

The  well  at  Mets's  livery  stable  may  be  taken  as  a  fair  representa- 
tive of  the  shallow  wells  at  Mesa.  A  careful  record  of  material  passed 
through  is  given  below.  It  consists  of  river  -drift,  composed  of  sand, 
pebbles,  and  bowlders,  with  a  subordinate  amount  of  clay  and  cement. 
The  bowlders  are  principally  composed  of  quartz,  quartzite,  and  some 
of  the  more  resistant  granitic  rocks  and  have  a  maximum  diameter  of 
1  foot  or  more.  They  are  thoroughly  waterworn  and  differ  in  no 
essential  respect  from  the  materials  found  at  the  present  time  in  the 
bed  of  the  river.  The  bands  of  clay  and  cement  contain  sand  and 
pebbles  in  varying  proportions. 

Log  of  P.  Metals  ivell,  Me9a, 

Feet. 

Sandy  soil 13 

Gravel  and  bowlders 7 

Cement 1 

Ckiarse  sand 9 

Hard,  sandy  cement 3 

Sand  and  gravel 19 

Hard  cement  containing  sand  and  small  pebbles 4 

Gravel,  water  bearing 2 

Water  was  first  struck  in  the  gravels  at  a  depth  of  39  feet.  This 
failed  in  dry  times  and  the  well  was  lowered,  obtaining  a  better  supply 
a  little  deeper.  This  supply  diminished  in  time  and  the  well  was  again 
lowered.  The  process  of  lowering  the  well  continued  until  at  a  depth 
of  52  feet  a  hard,  impervious  cement  layer  4  feet  thick  was  encountered. 
The  bar  with  which  this  was  being  dug  struck  through  into  a  bed  of 
loose  gravel  containing  water  under  slight  pressure.  The  water 
quickly  rose  6  feet.     Since  that  time  there  has  been  no  shortage,  the 
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water  standing  steadily  6  feet  deep.  A  yield  of  700  gallons  per  hour, 
even  in  the  driest  times,  has  little  effect  on  the  amount  of  water  in 
the  well. 

The  water  from  the  56-foot  level  is  of  somewhat  different  quality 
from  that  of  higher  levels.  The  water  from  the  Mets  well  tastes  salty, 
but  is  otherwise  a  more  palatable  drinking  water  than  that  of  many  of 
the  shallower  wells  of  the  vicinitv. 

An  analysis  of  this  water  is  given  below,  and  also  one  of  water 
from  the  well  at  the  Alhambra  Hotel,  in  the  adjoining  block.  The 
Alhambra  supply  comes  from  a  horizon  a  few  feet  above  that  of  the 
Mets  well,  probably  above  the  cement  stmtum  at  the  bottom  of  the 
Mets  well.  Judged  by  the  taste  alone  the  two  waters  are  very  differ- 
ent, but  the  analyses  show  them  very  much  alike. 

Analysis  of  uxjier  from  P.  Mets's  well  and  the  Alhambra  Hotel  %oeU,  at  Afesa. 


Quantitative  (parte  in  100,000): 

Total  solids  soluble  at  110°  C 

Chlorine  in  terms  of  NaCl  (common  salt) 

Hardness  in  terms  of  CaSOi  (sulphate  of  lime) 

Alkalinity  in  terms  of  Na,COs  (black  alkali ).. 

Nitrogen  in  the  form  of  nitrates 

Nitrogen  in  the  form  of  nitrites 

Qualitative: 

Sulphate 

Magnesia 

Lime 

Bicarbonates 


Mets. 


Alhambni. 


167.80 

108.00 

.00 

9.a3 

.385 

Xerv  faint 

Strong. 

Faint. 

Strong. 

Verj'  strong. 


152.00 

.00 

5.51 

.33 

Very  faint. 

Strong. 

Faint. 

Strong. 

Very  ntrong. 


VARIATION   IN  QUALITY. 

The  water  of  the  various  shallow  wells  in  and  about  Mesa  varies  in 
quality  to  a  marked  extent.  They  are  all  strongly  charged  with  various? 
soluble  salts.  A  study  of  the  analyses  shows  that  common  salt,  the 
carbonates,  and  the  sulphates  are  the  most  common  and  are  present  in 
large  amount  in  nearly  all  the  waters,  but  the  variation  in  the  propor- 
tions of  these  salts  causes  the  many  varieties  of  water  which  arouse 
so  nmch  wonder  and  speculation  in  the  minds  of  the  owners  of  the 
wells.  In  most  of  the  well  waters  common  salt  predominates.  Nearly 
all  the  well  water  is  said  to  be  hard,  and  lye  is  very  generallj'  used  to 
''break"  it;  only  a  few  wells  contain  water  which  is  said  to  be  soft, 
though  the  analyses  just  given  show  an  absence  of  any  permanent 
hardness.  It  is  possible  that  the  abundance  of  other  salts  in  the  water 
renders  difficult  the  detection  of  hardness  bv  the  taste. 
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Many  of  the  wells  are  no  strong  in  alkali  and  the  bitter  aalts  that 
they  have  been  abandoned.  In  other  cases  the  owners  have  accustomed 
themselves  to  the  use  of  water  which  a  stranger  could  not  safely  use. 
In  still  other  cases  the  water  seems  to  have  gradually  improved  as  the 
well  was  used.  The  published  analyses  do  not  indicate  the  range  of 
variation  in  chemical  character,  for  the  reason  that  only  wells  yielding 
waters  sufficiently  good  to  be  used  are  preserved.  Many  wells  have 
>)een  destroyed  which  yielded  water  too  alkaline  or  too  bitter  for  use. 
I  n  other  cases  wells  yielding  bitter  or  intensely  alkaline  waters  are 
said  to  have  been  greatly  improved  by  pumping.  In  some  cases  this 
reported  improvement  is  no  doubt  due  to  the  education  of  the  taste 
rather  than  to  the  change  in  character  of  the  water,  but  in  other  cases 
there  seem  to  be  good  reasons  for  believing  that  wells  have  entered 
small  pockets  containing  saline  solutions  and  more  or  less  separated 
from  the  main  body  of  underground  waters.  An  exhaustion  of  the 
limited  supply  of  such  saline  solutions  would  allow  the  entrance  of 
water  from  the  main  water  body  and  would  effect  a  corresponding 
change  in  character. 

TABULATION  OP  WELLS. 

It  seemed  advisable  in  the  study  of  the  underground  waters  of  the 
valley  to  test  the  existence  of  a  definite  regular  water  table  and  to 
determine  the  relations  of  such  water  table  to  the  land  surface  and  to 
the  river,  the  principal  source  of  the  underground  supply.  Mesa 
Township  (see  PI.  XVIII)  was  selected  for  this  test  on  account  of  favor- 
able location  and  the  existence  there  of  a  large  number  of  wells.  In 
the  townships  bordering  Mesa  the  wells  are  fewer  in  number,  but  with 
the  definite  information  obtainable  from  the  great  number  of  wells  in 
Mesa  Township  the  water  table  of  the  Mesa  district  is  satisfactorily 
determined  and  is  described  in  Chapter  III. 
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64  UNDERGROUND    WATERS    OF   SALT   RIVER   VALLEY.        [xo.  136. 

Throughout  the  Mesa  region,  wherever  special  inquiry  was  made, 
it  was  found  that  the  surface  of  the  underground  water  has  been  con- 
tinually lowering  for  years.  Wells  which  were  formerly  productive 
throughout  the  year  are  now  dry  for  a  part  or  all  of  the  year.  With 
few  exceptions  the  wells  have  been  lowered  in  order  to  obtain  suflS- 
cient  water.  This  lowering  of  the  water  has  been  progressive  and 
wells  have  been  deepened  repeatedly.  In  the  vicinity  of  Tempe  the 
water  has  lowered  about  7  feet.  Near  Mesa  it  has  lowered  much 
more.  According  to  Code's^  measurement  in  1901,  the  normal  water 
level  at  the  Murphy-McQueen  pumping  plant  was  22.5  feet  below  the 
land  surface  (see  fig.  2,  p.  14).  On  January  19,  1904,  this  level  wai> 
found  at  the  same  place  to  be  34  feet  below  the  land  surface.  At 
certain  places  the  lowering  is  reported  as  20  feet  or  even  more. 

While  the  underground  water  supply  of  the  valley  has  been  decreas- 
ing for  a  number  of  years,  there  are  yearly  variations  depending  more 
or  less  directly  upon  the  abundance  of  surface  waters.  Certain  welU 
are  dry  during  the  dry  seasons  and  contain  water  during  the  seasons 
of  more  abundant  supply.  The  term  ''rainy  season"  is  purposely 
avoided,  the  seasons  of  more  abundant  surface  waters  being  those  in 
which  an  increased  supply  enters  the  valley  in  streams.  The  rains  in 
the  valley  itself  are  so  slight  that  they  have  no  effect  that  can  be 
detected  in  the  wells. 

THE  PHOENIX  REGION. 

PHOENIX   WATER   COMPANY'S   WELLS. 

Previous  to  1902  the  city  of  Phoenix  was  supplied  with  water  from 
two  dug  wells,  42  feet  deep,  which  had,  when  measured,  10  feet  of 
water.  During  the  exceptionally  dry  season  of  1902  the  water  in  the^ie 
wells  failed  and  three  12-inch  double-steel-cased  wells  were  drilled  to 
a  depth  of  208  feet.  An  abundant  water  supply  was  found  at  a  depth 
of  55  feet,  and  thence  downward  to  208  feet  were  continuous  water- 
bearing gravels  and  bowlders.  The  water  from  the  open  wells  come^ 
from  the  upper  gravels  indicated  in  the  log,  and  that  from  the  drilled 
wells  comes  from  the  lower  gravels.  At  the  time  of  my  visit  to  the 
plant  water  from  one  open  well  and  one  drilled  well  was  supplying  the 
city  at  the  rate  of  about  1,750  gallons  per  minute.  It  is  said  that  one 
of  the  drilled  wells  alone  has  yielded  water  at  this  rate. 

Log  of  well  of  Phoenix  Water  Company j  near  Phoenix. 

Feit. 

Soil 13 

Gravel  and  bowlders,  water  bearing 36 

Clay  and  cement 7 

Grayel  and  bowlders,  water  bearing 153 

a  Code,  W.  II.,  Report  of  irrigation  investigations  for  1901,  No.  1:  U.  S.  Dept.  Agric,  Bull.  119, 19(ri, 
p.  67. 
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Unfortunately  there  was  no  opportunity  of  obtaining  satisfactory 
pumping  tests  at  this  plant.  The  amount  named,  1,750  gallons  per 
minute,  is  estimated  from  the  time  it  takes  to  fill  the  standpipe. 

As  in  the  case  of  the  well  at  the  asvluni  and  other  wells  to  be  descrited 
later  there  is  no  marked  diflference  l)etween  the  upper  and  lower 
water  bodies,  although  the  two  are  separated  by  7  feet  of  clay  and 
cement.  No.  3,  in  the  table  below,  is  an  analj^sis  of  water  from  the 
upper  water  body  and  No.  4  from  the  lower  body.  The  samples  were 
taken  directl}'  from  the  wells  at  a  time  when  the  pumps  were  in 
operation. 

Much  interest  is  taken  by  the  water  users  of  the  valley  in  the  sup- 
posed improvement  in  the  quality  of  the  water  as  the  wells  are  used. 
Reference  has  been  made  to  such  an  improvement  in  case  of  the  Chand- 
ler wells  and  others.  Four  analyses  of  the  Phoenix  city  supply  have 
been  made,  as  indicated  below.  The  three  analyses  representing  the 
shallow  wells  extend  over  a  period  of  about  5.5  years.  Since  this  water 
supplies  the  city  the  draft  on  the  wells  is  constant,  and  if  use  will  mate- 
rially improve  the  quality  of  wells,  this  water  should  show  an  improve- 
ment.    On  the  contrarv,  the  latest  anal vses  indicate  a  marked  increase 

•-    '  ft 

in  the  quantity  of  soluble  salts. 

Analyites  of  water  from  the  Fhoen'w  Water  Omnpany'n  irells. 


1.  Dug  well. 
Sept.  18,  1898. 


2.  Dug  well, 
May  9, 1902. 


3.  Dug  well, 
May  14,  1908. 


I 

'  4.  Drilled  well. 

I     May  14. 190S. 


Quantitative    (parttf    in 
100,000); 

Total  Holidi<  soluble 
at  110°  C 

Chlorine  in  terms 
of  NaCl  (common 
salt) 

Hardnet«  in  terras  of 
CaS04(  sulphate  of 
lime) 

Alkalinity  in  terms 
of  Na,CO,  (black 
alkali) 


116.8 


72.5 


102.4 


54.6 


Strong. 


8.98 


Nitrogen  in  the  form 
of  nitrates 

Nitrogen  in  the  form 
of  nitrites 


.10 
.0007  ! 


.16 
.0045 


80.80 

6.53 

.00 
.25 
.02 


Qualitative:  ' 

Snlphates Very  strong,  i  Pronounced. 

Magnesia Very  strong.      Pronounced. 

Lime Ver>'  strong.  Strong. 

Bicarbonates Strong. 


*     132. 00 

77.60 

5.44 

.00 

.25 

Very  faint. 

Pronounced. 

Pronounced. 

Strong. 

Very  strong. 
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PHOENIX  LIGHT  AND  FUEL  COMPANY'S  WELL. 

This  company  has  a  single  12-ineh  double-steel-cased  well  at  the 
power  house  in  Phoenix.  The  well  is  194  feet  deep,  with  water  at  a 
depth  of  31  feet.  Below  a  depth  of  46  feet,  16  feet  of  clay  and  cement 
occur.  Otherwise,  throughout  the  entire  depth  of  the  water-bearing 
portion,  the -material  is  coai^se  and  wholly  unconsolidated. 

Taxi  of  Phoen'w  Light  avd  Fuel  (Jompany^s  weil. 

Soil 15 

(Travel,  water  in  the  lower  part .*U 

Cement 2 

Clay 11 

Cement * 3 

Quicksand 3 

Sand,  gravel,  and  bowlders,  water  bearing 129 

A  shaft  has  been  sunk  to  near  water  level  and  cemented  to  exclude 
any  moisture  from  without.  At  the  bottom  of  this  shaft  is  placed  the 
centrifugal  pump  and  50-horsepower  electric  motor.  The  water  is 
used  for  condensing  steam  in  the  power  house,  aft,er  which  it  is  used 
for  irrigation. 

A  careful  pumping  test  was  made  at  this  plant  under  the  direction 
of  Mr.  D.  W.  Beldon,  the  engineer  in  charge,  with  results  given  below. 
It  will  be  noted  that  in  this  case  a  single  12-inch  well  is  yielding  1,995 
gallons  of  water  per  minute  continuously,  with  a  local  depression  of 
the  water  table  of  little  more  than  16  feet. 

Report  of  tent  im  electrically  driven  cetitriftigal  pump /or  irrlgaiionJ* 
[TeHt  made  Jauuary  10, 1904,  by  D.  W.  Beldon,  electrical  engrlneer.] 

Motor  (3  phase;  350  volt;  60  cycle)  speed r.  p.  m. .  720 

Pump  (direct-connected  centrifugal;    10-inch  suction;    8-inch  dischax^ge) 

r.  p.  m ^  720 

Height;  pump  wnter  alwve  water  (still ) .feet. .  5i 

Vacuum;  pump  running inches. .  20 

Water  lowered  by  pump  running  ( 22  feet  —  51  feet) feet. .  16} 

Head  above  vacuum  gauge do 1^ 

Total  head  ( less  friction  and  velocity  of  discharge) do 41 

Water  pumped  per  minute cubic  feet. .  266 

Total  power  absorbed  by  motor kilowatts. .  38. 6 

Kilowatt  hours  required  per  acre-foot 105 

('ost  of  power  per  acre-foot  (2  cents  per  kilowatt  hour) $2. 10 

Cost  of  power  per  acre-foot  ( per  foot  of  lift) fO.  0512 

PERKINS  WELL  (SEC.  23,  T.  2  N.,  R.  3  E.). 

Mr.  C.  W.  Perkins  has  a  10-inch  drilled  well  155  feet  deep.  The 
water  .surface  is  S3  feet  below  the  surface  of  the  ground.     The  well  is 

"This  report  did  not  reach  the  writer  in  time  to  be  included  in  the  compatations  of  coet  described 
in  the  foIloM'ing  chaptera.  The  cost  does  not  differ  materially  from  that  of  other  well-eqiiin>ed 
pumping  plants. 
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situated  at  Mr.  Perkiiivs's  olive-oil  factory,  and  the  water  is  used  for 
irrigating  his  olive  and  orange  orchards  during  dry  times  when  ditch 
water  can  not  be  obtained.  The  distance  through  which  the  water 
must  be  raised  (a  minimum  of  83  feet)  prohibits  its  economic  use 
except  as  a  last  resort.  Before  the  well  was  put  down  the  lack  of 
wat^r  in  the  irrigation  canals  at  critical  times  caused  serious  damage 
to  the  fruit  and  even  the  death  of  a  large  number  of  trees.  Costly  as 
it  is  to  pump  from  such  a  depth,  water  at  a  critical  time  is  worth  much 
more  than  it  costs  in  saving  valuable  crops  that  might  otherwise  be 
injured  or  wholly  destroyed.  The  well  yields  about  200  gallons  per 
minute.  The  water  is  lifted  by  means  of  a  deep-well  pump,  operated 
by  a  gasoline  engine. 

Analyftis  of  vnUer  from  C.  W.  Perkinti^s  welL 

Quantitative  (parts  in  100,000): 

Total  solids  soluble  at  110«>  C 83.60 

Chlorine  in  terms  of  NaCl  (common  salt) 30. 80 

Hardness  in  terras  of  CaSO^ 8. 30 

Alkalinity  in  terms  of  Na^CO, 00 

Nitrogen  in  the  form  of  nitrateh^ 53 

Nitrogen  in  the  form  of  nitritea 871 

Qualitative: 

Sulphates Very  strong. 

Magnesia Strong. 

Lime Strong. 

PHOENIX  MACHINE  AND  COLD  STORAGE  COMPANY'S  WELL. 

The  well  is  located  at  the  company's  factory  in  Phoenix,  and  was 
put  down  in  December,  1903.  It  is  a  12-inch  double-steel-cased  well 
125  feet  deep.  Only  5  feet  of  tine  material  was  encountered  at  the 
surface,  all  below  this  being  entirely  loose  sand,  gravel,  and  bowlders. 
Water  is  raised  by  means  of  a  deep-well  cylinder  pump,  but  since  no 
great  supply  is  required  the  capacity  of  the  well  is  not  known. 

Log  of  Phoenix  Machine  and  Cold  Storage  Company* 8  weU. 

Feet. 

Soil 5 

Sand  and  iKDwlders  slightly  cemented 12 

Sand,  gravel,  and  bowlders,  water  bearing 118 

BARTLETT-HEARD    LAND    AND    CATTLE   COMPANY'S    WELLS 

(SEC.  30,  T.  I  N.,  R.  4  E.). 

An  extensive  pumping  plant  has  been  planned  for  this  company  for 
the  purpose  of  obtaining  an*auxiliary  water  supply  for  a  large  tract  of 
land  lying  south  of  Phoenix.  A  battery  of  six  15-inch  double-steel- 
cased  wells  has  been  established,  but  the  machinery  is  not  installed  at 
this  writing.  A  depth  of  28  feet  of  soil  was  penetrated,  and  water- 
bearing bowlders  were  encountered  to  a  depth  of  90  feet.     The  bowl- 
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Normal   water  level 


ders  are  underlain  by  granitic  wash,  10  feet  of  which  was  penetrated. 
The  water-bearing  material  is  coarse  and  unconsolidated.  Numerous 
quartzite  bowlders  up  to  1  foot  in  diameter  were  taken  from  the  well 
in  drilling.  The  water  is  under  no  pressure  and  its  surface  does  not 
even  reach  the  top  of  the  gravel  bed,  resting  at  a  depth  of  32.5  feet. 
On  account  of  the  limited  thickness  of  the  gravel  bed  drilling  was  sus- 
pended after  the  completion  of  the  second  well  and  a  preliminary-  pump- 
ing test  was  made  under  the  direction  of  Mr.  Fuller,  the  engineer  in 
charge,  in  order  to  determine  whether  the  available  quantity  of  water 
would  justify  the  establishment  of  the  plant  at  this  place. 

Log  of  Bartiett'Heard  Land-  and  Cattle  ( hmpanifs  well  No,  S. 

Sand  and  soil 2s 

CTravel  and  bowlders,  water  bearing ♦>- 

Granite  wash 10 

The  perforated  areas  of  the  wells  differed  in  the  proportion  of  3  to 
5,  and  the  one  having  the  smaller  perforation  area  was  tested,  on  the 

assumption  that  if  it  proved  satisfactory 
there  could  be  no  question  regarding  thos*^ 
having  better  perforations.  A  shaft  was 
dug  to  water  level  and  a  small  centrifugal 
pump  placed  at  the  bottom  and  belted  to  an 
18-horsepower  traction  engine  at  the  surface. 
The  pump  was  operated  2.5  hours  and  read- 
ings were  taken  every  ten  minutes.  It  dis- 
charged an  average  of  78.8  miner's  inches  of 
water  (886  gallons  per  minute)  and  lowered 
the  water  in  the  well  19  feet  and  8  inches 
(fig.  10).  The  water  in  the  second  well,  15 
feet  from  the  one  tested,  was  lowered  only 
2  feet.  Within  thirty  seconds  after  the  pump 
stopped  the  water  rose  to  the  normal  level. 
A  lighter  demand  makes  correspondingly  less 
depression  of  the  water  table  and  therefore  a 
lower  lift.  The  same  effect  is  also  obtained  by  better  perforation  of 
the  casing.  The  present  lift  of  53  feet  can  probably  be  materially 
lessened  and  the  desired  quantity  of  water  can  be  still  obtained  by 
sinking  a  number  of  properW  perforated  wells. 

Analysis  of  wat4^r  from  the  BartleU- Heard  Land  and  Cattle  Company's  irell. 
[Sample  taken  during  the  pumping  test.  Februar>'  4. 1904.] 

Quantitative  (part«  in  100,000): 

Total  PolidH  soluble  at  110°  C 1H4.0 

(Chlorine  in  termn  of  XaCl  (common  salt) 126. 0 

HardnesH  in  terms  of  CaSO^  (sulphate  of  lime) '"S.  44 

Alkalinity  in  terms  of  Na^COj  ( black  alkali ) None. 

Nitrogen None. 


Fkj.  10.— Depression  of  water  table 
during  pumping  test  of  the 
Bartletv-Heard  well. 
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<^ualitative: 

SulpliateH Strong. 

Magnesia Strong. 

Lime Strong. 

Bicarbonates Very  strong. 

WELL  AT   THE   TERRITORIAL  ASYLUM  FOR  THE  INSANE 

(SEC.  a,  T.  I  N.,  R.  3  E.). 

The  asylum  h  situated  about  3  miles  east  of  Phoenix  on  the  Phoenix- 
Tempe  road.  A  shaft  12  by  14  feet  and  22.5  feet  deep  is  tightly 
bricked  and  cemented  to  shut  out  any  surface  water  which  might  seep 
in.  From  the  bottom  of  this  shaft  a  12-inch  well  was  sunk  87.5 
feet,  or  110  feet  below  the  surface  of  the  ground.  At  a  depth  of  67 
feet  the  water-bearing  gravel  was  stiiick,  but  the  supply  of  water  is 
not  as  great  as  in  other  wells  entering  what  is  presumabl}^  the  same 
gravel  bed.  This  may  possibly  be  due  to  imperfections  of  construction; 
only  the  lower  24  feet  of  the  pipe  are  perforated,  and  these  perforations 
were  made  before  the  casing  was  forced  into  the  well.  After  the  pipe 
waiiin  place  the  well  was  ''shot."  This  increased  the  available  supply 
to  a  quantity  sufficient  for  the  present  needs  of  the  asylum*  but  the 
yield  is  not  yet  as  great  as  might  reasonably  be  expected. 

Log  of  wrylum  well,  near  Phoenix'. 

Feet. 

Soil 12 

Gravel,  water  bearing 16 

Clay  and  cement 9 

Gravel  and  bowlders,  water  bearing 53 

A  steam  pump  is  located  at  the  bottom  of  the  shaft  and  a  suction 
pipe  24  feet  long  extends  into  the  well.  The  engine  is  usually  nin  at 
a  rate  which  lifts  95  gallons  per  minute,  and  depresses  the  water  sur- 
face 5  feet.  This  has  been  found  to  be  practically  the  capacity  of  the 
well. 

There  are  two  water-bearing  horizons  in  this  well  separated  by  9  feet 
of  clay  and  cement.  Since  the  casing  is  perforated  onl}^  near  the 
bottom,  the  upper  water  is  shut  off,  and  analysis  1  of  the  following 
table  is  from  water  of  the  lower  gravels.  Analysis  2  is  from  water  of 
a  well  42  feet  deep  and  therefore  from  the  upper  bod3\  The  great 
siniilaritv  of  the  analvses  indicates  that  the  two  water  bodies  are 
probably  connected. 
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Analyseg  of  ivater  from  the  asylum  weU^  nrar  Phoenir. 


No.1. 


No.  J. 


Quantitative  (parte  in  100,000): 

Total  Holids  soluble  at  110°  C 

Chlorine  in  terms  of  NaCl  (common  salt) 

Hardness  in  terms  of  CaSOi  (sulphate  of  lime)  . 

Alkalinity  in  terms  of  Ma,COB  ( hlack  alkali ) 

Nitrogen  in  the  form  of  nitrates 

Nitrogen  in  the  form  of  nitrites 

Qualitative: 

Sulphates 

Magnesia 

Lime 

Bicarbonates 


126.40 
78.80 
13.60 

None. 

Faint. 

Faint 

Very  strong. 
Strong. 
Strong. 


120.40 

7V.  *3) 

H.2l> 

None. 

Faint. 

Faint. 

Very  strong. 
Very  strong. 
Very  strong- 


PHOENIX  INDIAN  SCHOOL  WELLS  (SEC.  20,  T.  i  N.,  R.  3  E.)- 

There  are  three  deep  wells  at  the  Indian  School,  one  at  the  power 
house  and  two,  designed  for  irrigation,  some  distance  from  the 
school  buildings.  The  well  at  the  power  house  is  193  feet  deep  and  6 
inches  in  diameter.  The  water  is  used  to  supply  the  school  buildings 
and  lawns  and  is  pumped  at  the  rate  of  about  60  gallons  per  minute. 

The  first  irrigation  well  is  dug  to  a  depth  of  56  feet.  From  the  bot- 
tom of  this  pit  two  6-inch  holes  have  been  drilled,  the  first  14:5  feet 
and  the  second  338  feet  in  depth.  The  water  stands  36  feet  l>eneath 
the  surface.  It  was  the  original  plan  to  cut  the  well  casing  at  the  bot- 
tom of  the  open  part  and  allow  the  water  to  flow  from  the  drilled  wells 
into  the  open  well,  from  which  it  was  to  be  lifted  by  a  bucket  pump. 

Log  of  Phoetiir  Indian  School  irrigation  icell  Xo.  1. 

Soil  and  cement 4(> 

Sand,  cemented  in  places 40 

Hard,  white  cement 15 

Quicksand 6 

Sandy  clay 66 

Sand,  water  l)earing 26 

Alternating  becls  of  sand,  clay,  and  cement  (no  definite  record) 62 

Cement 20 

Cemented  sand 24 

Crranite  wash,  water  bearing 12 

Sand  and  gravel 12 

Cemented  sand 8 

Sand  and  gravel,  water  bearing 9 

Gravel  and  bowlders,  water  bearing 8 

The  material  passed  through  gave  promise  of  comparatively  little 
water.     A  gmvel   bed  was  encountered  at  the  depth  of  335  feet,  but 
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since  the  casing  wa^  not  extended  to  the  bottom  no  headway  could  be 
made  in  the  loose  gravels,  and  the  drilling  was  abandoned  for  a  time. 
The  gravel  bed  at  the  bottom  is  promising,  l)ut  its  thickness  and 
character  are  unknown.  At  a  preliminary  pumping  test  only  10  inches 
of  water  was  obtained. 

The  well  is  supplied  temporarily  with  a  bucket  pump  operated  b}- 
an  electric  motor.  When  running  at  ordinary  speed,  the  pump  dis- 
charges about  200  gallons  of  water  per  minute  and  soon  di*ains  the 
open  well.  A  discharge  of  about  1(K)  gallons  per  minute  maintains  the 
water  level  at  52  feet,  a  depression  of  16  feet,  thus  indicating  the  prac- 
tical capacity  of  the  well.  During  the  time  that  the  water  surface  was 
held  at  a  depth  of  52  feet  the  water  flowed  from  the  top  of  the  drilled 
wells  into  the  open  part,  but  without  any  great  force.  The  rate  of 
discharge  is  slow,  and  the  outlook  for  an  underground  supply  is  not 
encouraging. 

A  good  example  of  the  depression  of  the  water  table  is  found  at  this 
place.  In  the  year  1895  a  well  at  the  Indian  School  encountered  water 
at  a  depth  of  IH  feet.  The  same  well,  deepened  as  the  water  surface 
lowered,  in  Januar3%  1904,  contained  water  at  a  depth  of  38  feet — a 
depression  of  22  feet  in  about  eight  years. 

Log  of  Phoenix  Indian  School  irrigcUion  well  Xo.  2. 

Feet. 

Soil,  sand,  and  cement '. 85 

Sand,  water  bearing 14 

Cemented  sand 40 

Putty  clay 30 

Sand 10 

Putty  clay 16 

Sand  and  gravel 30 

Red  sandstone 3 

A  third  well  has  been  put  down  on  the  Indian  School  farm  1  mile 
east  of  the  school.  It  is  a  6-inch  drilled  well  228  feet  deep.  An  inci- 
dent occurred  in  drilling  this  well  which  has  an  important  bearing  on 
the  quantity  of  water  to  be  expected  in  this  vicinity.  Water  was 
found  at  a  depth  of  about  51  feet  and  rose  15  feet,  keeping  the  well 
filled  until  a  sand  stratum  was  encountered  at  a  depth  of  about  170 
feet.  The  water  from  above  entered  this  sand  and  lowered  the  sur- 
face of  the  water  in  the  well  to  about  100  feet — a  depression  of  about 
64  feet.  This  level  was  maintained,  the  sand  absorbing  the  entire  flow 
from  the  higher  water  horizons  until  the  leakage  was  stopped  ])y  clay 
pounded  into  the  loose  sand  by  the  action  of  the  drill. 

This  well  is  slightly  more  promising  than  No.  1,  but  no  test  has 
been  made.  The  red  sandstone  at  the  bottom  is  probably  the  breccia 
exposed  at  the  surfacre  farther  to  the  east  and  north. 
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.I»rt///w«  of  water  from  nrUs  at  thv  Pfioeriic  Indian  tScli^Jol. 


No.  1  (46  fet't). 


(.Quantitative      (part«<     in 
100,000): 

Total  Bolidfl  soluble  at 
no°c 

('hlorine  in  terms  of 
NaCl  (common  salt) . 

Hanlness  in  terme  of 
CaS04  (sulphate  of 
lime) 

Alkalinity  in  tennn  of 
Na,COj'  (black  al- 
kali)  

Nitrogen  in  the  form 
of  nitrates .. 


245. 20 
160.80 

21.80 

None. 
.40 


Nitrojjen  in  the  form 
of  nitrites Faint  tracer. 


^"ieit)]*^      No.  3  (16  feet). 


250.00 

I 

145.  00 
65.80 

None. 

.25  I 

I 
.00  I 


222.00 
141.00 

None. 

Faint. 
.0008 


Qualitative: 

Sulphatefl '  Ver\'  strong. 

Magnenia Very  ptrong. 

Lime Very  strong. 

BittarbonateH Strong. 


No.  4  (60  feet). 


362.  :^0 
258.01) 

Strong. 

'     None. 
.30 
.(X12S 

Very  strong. 

Very  8tn)ng. 

Very  stnmg. 

Strong. 


G.  W.  SMITH'S  WELL   (SEC.  lo,  T.  i  N.,  R.  3  E.). 

This  well  is  dug  20  by  ^0  feet,  38  feet  deep,  and  has  8  feet  of 
water.  The  lower  half  of  the  well  is  in  coarse  sand,  gravel,  and 
bowlders,  and  required  careful  timbering  to  keep  the  sides  from  caving 
in.  It  was  the  material  from  this  well  which  was  used  in  the  experi- 
ment described  later  under  the  caption  of  "practical  porosity.-'  The 
water  is  raised  by  means  of  a  12-horsepower  gasoline  engine  and 
()-inch  horizontal  centrifugal  pump,  at  the  rate  of  about  50  inches  (5H4 
gallons)  per  minute.     The  water  is  used  for  irrigation. 

THE  KUNZ  WELL  (SEC.  18,  T.  i  N.,  R.  3  E.). 

The  well  of  Dr.  R.  E.  Kuntze  and  L.  Kunz  &  Sons  is1>  bv  t>  feet, 
24  feet  deep,  and  has  (>  feet  of  water.  It  was  begun  in  1899  and 
has  since  been  lowered,  but  the  water  is  now^  gradually  rising.  It  in 
used  for  irrigating  a  botanical  garden  containing  various  kinds  of 
shrubs,  trees,  and  flowers.  Since  1899  the  garden  has  been  irrigated 
with  no  other  water. 

The  pump  is  a  novel  invention  of  one  of  the  owners  of  the  place  and 
has  comparatively  high  efficiency.  The  essential  part  of  the  mechan- 
ism is  a  light  walking  beam  about  12  feet  long  hinged  at  the  center. 
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with  its  extremities  traveling  over  a  siouous  track.  Near  the  center 
of  the  walking  beam  is  placed  a  system  of  levers  which  operate  two 
suction  pumps.  A  mule  is  hitched  to  the  pump  in  the  ordinary  man- 
ner, and  when  properly  blindfolded  works  without  a  driver.  As  the 
machine  is  turned  the  walking  beam  is  made  to  oscillate  in  a  vertical 
plane  by  means  of  the  sinuous  ti-ack,  and  thus  works  the  pumps. 

The  comparative  ease  with  which  water  is  raised  by  this  machine 
and  the  claim  that  horsepower  is  cheaper  than  gasoline  or  steam  led 
to  a  careful  measurement  of  the  amount  pumped  and  the  computation 
of  cost  as  given  below.  The  value  of  the  mules  employed  is  probably 
exaggerated;  more  valuable  animals  would  do  correspondingly  more 
work.  The  pasturage  is  counted  at  $1.50  per  month  for  each  animal 
and  feed  at  $1.30  per  month. 

Coti  of  pumping  by  mule  power  at  the  Kunz  gard 

Cost  of  well  and  pump $200. 00 

Two  mulee.  at  125 $50.00 

Interest  on  investment  at  7  per  cent  per  annum  for  3.6  days $0. 17 

Depreciation  at  10  per  cent  per  annum  for  3.6  days $0. 24 

Averajpe  amount  pumped  per  minute,  in  gallons 62 

Days  required  to  pump  1  acre-foot 3. 6 

Pasture  and  feed  for  2  mules  at  19  cents  per  day  for  3.6  days $0. 68 

Oil  and  incidentals  (estimated) $0. 05 

Total  cost  per  acre-foot $1. 14 

Lift,  in  feet 18 

Average  cost  per  foot  in  raising  1  acre-foot  of  water $0. 063 

Analysis  of  valer  from  the  Kunz  well. 

Quantitative  (parts  in  100,000) : 

Total  solids  soluble  at  110°  C 223.00 

Chlorine  in  terms  of  NaCl  (common  salt) 146. 80 

Hardness  in  terms  of  CaSO^  (sulphate  of  lime) 53.  70 

.Alkalinity  in  terms  of  NajCO,  ( black  alkali )  None. 

Qualitative:    ' 

Sulphates Very  strong. 

Magnesia Strong. 

Lime Very  strong. 

Bicarbonates Very  strong. 

BAST  LAKE  PARK  WELL. 

This  well  supplies  water  for  a  natatorium,  for  an  artificial  lake,  and 
for  general  park  use.  It  is  7  by  10  feet,  42  feet  deep,  and  has  9 
feet  of  water.  Water  is  raised  by  a  bucket  pump  operated  by  an 
electric  motor.  At  the  time  of  my  visit  to  this  plant  the  pump  was  dis- 
charging water  at  the  rate  of  210  gallons  per  minute,  and  this  seemed 
to  be  the  maximum  capacity  of  the  well. 
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WAGNER  WELL  (SEC.  i6,  T.  i  N.,  R.  3  E.). 

Mr.  Frank  Wagner  has  a  dug  well  7  by  7  feet  and  35  feet  deep, 
from  which  he  pumps  water  for  the  irrigation  of  his  gardens  and 
nursery.  The  well  is  provided  with  bucket  pump  and  hoi*sepower, 
by  means  of  which  water  is  raised  at  the  rate  of  about  12  inche.s  (135 
gallons)  per  minute. 

WETZLER  WELL  (SEC.  11,  T.  i  N.,  R.  3  E.). 

Lewis  Wetzler's  well  is  dug  8  by  8  feet  and  40  feet  deep,  and  con- 
tains 15  feet  of  water.  Water  is  raised  by  means  of  a  bucket  pump 
and  a  5-hor8epower  gasoline  engine  at  the  rate  of  about  35  inches  (396 
gallons)  per  minute.  This  water  has  been  used  since  1900  in  raising 
gaixlen  produce. 

Analysis  of  water  from  Leuns  Wetzler's  welly  iiear  Phoenix. 

Quantitative  (parts  in  100,000): 

Total  solids  soluble  at  110°  C 144.00 

Chlorine  in  terms  of  NaCl  (common  salt) 86. 00 

Hardness  in  terms  of  CaSO^  (sulphate  of  lime) 23. 90 

Alkalinity  in  terms  of  NajCOj  (black  alkali) None. 

Qualitative: 

Sulphates Pronounced. 

Magnesia Very  faint 

Lime Strong. 

M'CALLUM   WELL  (SEC.  24,  T.  z  N.,  R.  2  E.). 

N.  P.  McCallum's  well  is  situated  on  the  southern  bank  of  Salt  River 
about  4  miles  southwest  of  Phoenix.  It  is  a  dug  well  9  feet  in  diame- 
ter and  31  feet  deep,  walled  with  brick  for  the  lower  15  feet.  Spaces 
are  left  in  the  brick  wall  to  allow  the  seepage  water  to  enter  from  the 
side.  The  well  is  dug  in  the  sands  and  grav-els  of  the  river  deposit  a 
few  feet  from  the  southernmost  channel  of  the  river.  This  channel* 
serves  at  present  as  a  seepage  ditch  carr3dng  a  small  amount  of  water. 
This  water  is  led  by  a  subterranean  passage  into  the  well  and  adds 
materially  to  the  amount  available  for  pumping. 

The  water  stands  normally  14  feet  below  the  surface.  An  8-inch 
Byron  Jackson  centrifugal  pump  is  placed  a  few  feet  above  the 
normal  water  level  and  opemted  by  a  -lO-horsepower  traction  engine. 
The  amount  of  water  pumped  at  present  is  estimated  at  1,100  gallons 
per  minute.  With  this  yield  the  water  in  the  well  is  lowered  12.5 
feet,  and  remains  stationary.     A  heavier  demand  drains  the  well. 

Mr.  McCallum's  ditch  is  arranged  to  take  flood  water  from  the  river 
whenever  such  water  is  available.  The  pump  water  is  discharged  into 
the  same  ditch.  A  subway  from  the  pump  to  the  ditch  is  cut  9.5  feet 
below  the  surface.  The  water  is  therefore  lifted  onlv  17  feet  when 
the  pump  is  discharging  1,100  gallons  per  minute. 
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A  12-inch  double-steel-ca8ecl  drilled  well  has  recently  been  pat  down 
at  this  point.  It  is  124  feet  deep  and  penetrates  nothin^^  but  uncon* 
solidated  sand,  gravels,  and  bowlders.  A  proliminary  test  gave  175 
inches  of  water  (1,970  gallons  per  minute). 

iMg  of  N.  P.  McCallurrC »  drilled  welly  tiear  Phoenix, 

Feet. 

Kiver  Band 10 

( fravol  and  >K)wlder8,  water  Warinjf 114 

COLLINS  WELL  (SEC.  15,  T.  i   N.,  R.  2  E.). 

Mr.  George  U.  Collins's  well  is  situated  al)out  3  miles  southwest  of 
Phoenix.  It  is  a  large  seejwtge  well  100  feet  long  by  60  feet  wide  and 
29  feet  deep.  The  material  encountered  for  the  upper  10  feet  is  sandy 
.soil  and  for  the  remaining  19  feet  river  gravel  and  bowlders.  When 
the  pump  is  not  running  the  water  rises  to  within  19  feet  of  the  sur- 
face of  the  ground.  The  water  is  raised  by  a  60-horsepower  steam 
engine  and  a  horizontal  centrifugal  pump  which  furnishes  a  continuous 
supply  day  and  night  of  190  to  200  inches,  or  about  2,200  gallons  per 
minute.  When  pumped  at  this  rate  the  water  in  the  well  is  lowered 
6  feet,  at  which  level  the  inflow  equals  the  amount  pumped  and  the 
surface  remains  stationary.  When  a  greater  amount  is  pumped,  the 
surface  of  the  water  is  proportionately  lowered.     (See  PI.  V,  B.) 

The  bed  of  gravel  and  bowlders  in  which  the  well  is  sunk  has  evi- 
dently a  somewhat  free  connection  with  the  underflow  of  the  river. 
At  the  time  of  my  first  visit  to  the  well  the  pump  had  not  been  in 
operation  for  several  days,  and  the  water  was  standing  at  normal  level. 
There  was  a  distinct  current  in  the  well  caused  obviously  by  the  pas- 
sage of  the  underflow  through  it.  The  inflowing  current  was  stronger 
at  one  end  than  at  the  other,  resulting  in  a  slow  eddying  movement 
of  the  water  bearing  the  floating  material  in  an  endless  journe}'  about 
the  well. 

Mr.  Collins  was  kind  enough  to  give  some  figures  and  facts  gleaned 
from  his  long  experience  which  may  be  of  benefit  to  those  thinking 
of  constructing  similar  plants.  The  cost  of  digging  and  casing  the  well 
was  $11,900 — probably  more  than  a  similar  well  would  cost  in  some 
places.  The  looseness  of  the  gravel  and  bowlders  and  the  abundance 
of  water  in  them  make  excavation  a  costly  process;  it  should  be  noted, 
however,  that  easier  digging  due  to  more  consolidated  gravels  is  likel}' 
to  be  accompanied  by  a  smaller  water  supply. 

The  plant  has  been  in  operation  for  three  years,  and  land  which  is 
irrigated  from  it  is  producing  as  good,  and  in  some  cases  better,  crops 
than  the  neighboring  land  irrigated  with  ditch  water.  This  may  be 
due  to  the  fact  that  pumped  water  can  be  applied  when  needed  while 
ditch  water  must  be  used  at  stated  times.  While  the  water  is  derived 
wholly  from  the  underflow,  the  (juantity  and  kinds  of  salts  contained 
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in  it  are  not  8uch  as  to  warrant  the  doubt  of  its  utility  that  exists  in 
the  minds  of  many  people  in  the  valley.  It  will  be  noted  from  the 
following  analysis  that  the  total  of  contained  salts  is  comparatively 
low  and  that  the  greatly  feared  black  alkali  is  absent. 

AncUyms  of  ivater  from  George  U.  CoUiiis^ ft  w^ll^  near  Phoenix 

Quantitative  parts  in  100,000: 

Total  solids  soluble  at  no**  C 150.  (X) 

Chlorine  in  terms  of  NaCl  (common  salt) 94.  SO 

Hardness  in  terms  of  CaSO^  (sulphate  of  lime) 17. 4<> 

Alkalinity  in  terms  of  NajCOs  (black  alkali) None. 

Qualitative: 

Sulphates Strong. 

Magnesia Strong. 

Lime Strong. 

Bicarbonates Strong. 

Measurements  were  made  at  the  Collins  well  for  the  pui'pose  of 
computing  the  cost  of  pumping.  The  water  was  measured  in  a  tem- 
porary weir  and  the  quantity  given  (190  inches)  is  approximately  cor- 
rect.    Leakage  at  several  points  occasioned  some  loss. 

CoM  of  pumping  waUr  at  the  CoUhu  pumping  plant. 

Cost  of  wel  1 $11, 900.  00 

Cost  of  pump  and  engine $S,  100.  (X> 

Interest  on  $16,000  at  7  per  cent  per  annum  for  2.6  hours $0.  31 

Depreciation  at  10  per  cent  per  annum  for  2.6  hours $0. 44 

Average  discharge  of  water  in  inches 190 

Average  discharge  of  water  in  Hecond-feet 4.  75 

Hours  to  pump  1  acre-foot 2. 6 

1.6  cords  of  wood  lasts  14  hours  (average). 

(/ost  of  wood  for  2.6  hours,  at  $1.50  per  conl » fO.  48 

Oil  and  incidentals  (estimated) $0.  05 

Engineer,  2.6  hours,  at  25  cents  per  hour $0. 65 

Total  cost  per  acre-foot |?1 .  93 

Total  lift  in  feet 22 

Average  cost  per  foot  of  raising  1  acre-f(X)t $0. 07 

With  wood,  reckoned  at  $4  per  cord: « 

Total  cost  j)er  acre-foot $2.  75 

A  verage  cost  j)er  fof)t  of  raising  1  acre-foot '' $0.  124 

NELSON  &  McILWAINE  WELLS  (SEC.  15,  T.  i   N.,  R.  2  E.). 

These  wells  are  locatt*d  near  the  river,  about  8  miles  southwe:$t  of 
Phoenix.  There  are  two,  7  feet  in  diameter  and  26  feet  deep,  dug 
.side  by  side  and  communicating.     The  water  is  liaised  by  a  20-horse- 

n  Wood  is  reckoned  at  SI  .50  per  cord;  this  is  its  cost  of  cutting  and  hauling  and  not  its  parehaw 
price. .  Since  fuel  Is  the  principal  item  of  expense  the  purchase  price  of  wood  should  be  counted  in 
order  to  compare  the  cost  of  water  at  this  point  with  the  cost  where  fuel  is  purchased  in  the  open 
market.  Four  dollars  per  cord  may  be  considered  an  average  price  for  the  wood  used  at  this  plant. 
This  would  raise  the  cost  of  fuel  for  1  acre-foot  of  water  to  81.28  instead  of  48  cents  and  make  the 
total  ct)«i  per  aort»-foot  $2.75  and  the  average  cost  per  foot  of  raising  1  acre-foot  of  water  12.4  ceDt» 
in  place  of  7  cents. 
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power  ^' Model"  gasoline  engine  and  an  8-inch  centrifugal  pump  at 
the  rate  of  900  gallons  per  minute.  The  water  surface  is  16  feet 
below  the  surface  of  the  ground  at  present,  but  varies  with  the  water 
in  the  river.  At  the  time  of  my  visit  the  water  was  abundant  in  the 
river,  and  the  water  in  the  wells  was  lowered  only  6  feet  by  pumping. 
During  dry  seasons,  when  there  is  little  water  in  the  river,  the  water 
stands  at  a  lower  level  in  the  wells  and  the  pump  lowers  it  more  easily, 
and  even  drains  the  wells.  The  quantity  of  water  is  also  affected  by 
the  irrigation  of  lands  in  the  vicinity,  being  noticeably  mpre  abundant 
in  the  wells  during  times  of  extensive  or  continued  irrigation.  The 
supply  drawn  from  by  this  pumping  plant  is  therefore  due  to  seepage, 
partly  from  the  underflow  of  the  river  and  partly  from  the  return 
waters  from  irrigated  lands. 

The  well  water  is  found  to  be  very  useful  in  the  cultivation  of  crops 
which  grow  on  or  near  the  ground,  such  as  strawberries,  melons,  etc. 
Ditch  water  is  used  at  certain  times  for  all  crops  on  the  ranch,  but  the 
well  water  is  used  at  times  when  muddv  ditch  water  would  be  detri- 
mental  to  the  crops.  The  river  water,  especially  in  times  of  flood, 
contains  large  quantities  of  silt,  and  during  dry  times  the  supply  may 
fail  altogether.  The  well  water,  l)eing  free  from  silt,  is  used,  not  only 
in  times  of  drought,  when  river  water  is  scarce,  but  also  in  flood  times, 
when  the  use  of  silty  water  would  injure  the  crops. 

This  pumping  plant  offered  favoi-able  opportunity  for  computing 
the  cost  of  raising  water  by  means  of  the  gasoline  and  centrifugal 
pump.  The  measurements  of  the  water  were  made  by  means  of  a 
temporary  weir  constructed  for  the  purpose,  and  the  quantity  ef  gaso- 
line used  is  based  on  an  average  of  many  runs.  The  pump  is  used 
ordinarily  not  more  than  one  hour  at  a  time,  but  some  runs  of  several 
hours  have  been  made.  I^x)ng  runs  took  proportionately  less  gasoline. 
Since  nearly  all  the  runs  in  the  present  case  were  short  ones  the  com- 
puted cost  of  an  acre-foot  is  greater  than  it  would  be  if  the  plant  were 
.in  continuous  operation.  The  quantity  of  gasoline  consumed  in  the 
longest  runs,  while  not  accurately  measured,  was  enough  less  to 
warrant  the  assumption  that  this  plant  could  raise  water  21  feet  at  a 
cost  not  exceeding  $2.50  per  acre-foot. 

Cost  of  pumping  fvaler  at  Nelson  it*  McIluHiine^  m  pumj/ing  planty  near  Phoenix. 

Ckwtof  well  (estimated) $1,000.00 

Cost  of  engine  and  pump 11, 200. 00 

Interest  on  investment  at  7  per  cent  per  aimum  for  6  hours 10. 1 1 

Depreciation  at  10  per  cent  per  annum  for  6  hours $0. 16 

Average  amount  of  water  in  gallons  per  minute 900 

Hours  to  pump  1  acre-foot 0 

Average  amount  of  gasoline  per  minute gallons. .  1.5 

Gallons  of  gasoline  to  pump  1  acre-foot 9 

9  gallons  of  gasoline  at  28  cents $2. 52 

Oil,  repairs,  etc.  (estimated) |0. 05 
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Total  coBt  per  acre-foot $2. 88 

Lift  in  feet 21 

Average  cost  per  foot  in  lifting  1  acre-foot $0.  L37 

PERRY  WELL  (SEC.  22,  T.  i  N.,  R.  2  E.). 

Mr.  Wm.  H.  Perry's  well  is  located  north  of  the  river,  not  far  from 
the  Collins  well.  It  is  12  by  16  feet  at  the  top  and  at  present  writing 
is  about  20  feet  deep;  it  is  not  yet  complete.  Water  <x*curs  at  a 
depth  of  14  feet  and  will  be  raised  b}'^  centrifugal  pump  and  steam 
engine  having  a  capacity  of  about  2,000  gallons  per  minute. 

The  well  is  about  three-fourths  of  a  mile  from  the  river,  and  the 
elevation  of  the  water  in  it  is  influenced  bv  the  flow  in  the  river.  Three 
weeks  before  visiting  the  well  the  river  was  in  flood.  After  the  flood 
had  passed,  the  water  in  the  well  gradually  rose  until  at  the  time 
of  visit  the  surface  was  8  feet  higher  than  it  had  been  three  weekb 
before. 

BRADSHAW  WELL  (SEC.  15,  T.  i  N.,  R.  2  E.). 

The  well  of  J.  R.  and  W.  W.  Bradshaw-is  8  by  16  feet  and  27  feet 
deep,  and  has  8  feet  of  water.  The  water  is  raised  by  a  6-inch  centri- 
fugal pump  and  12-horsepower  gasoline  engine;  when  in  use  a  stream 
of  60  inches  (675  gallons  per  minute)  is  obtained.  The  plant  has  not 
been  in  use  during  the  present  season,  1903,  owing  to  the  fact  that  a 
satisfactory  supply  of  diteh  water  was  obtained  cheaper  than  water 
could  be  pumped. 

BROWN  WELL  (SEC.  13,  T.  i  N.  R.  2  E.). 

J.  L.  Brown  has  a  dug  well,  7  feet  in  diameter  and  19  feet  deep, 
with  6  feet  of  water.  The  water,  which,  imtil  recently,  was  used  for 
irrigation,  was  mised  by  a  bucket  pump,  the  power  being  supplied  by 
8  horses  hitched  into  a  circular  arrangement  similar  to  a  merry-go- 
round.  A  stream  of  25  inches  (281  gallons  per  minute)  was  obtained 
when  the  pump  was  operated.  It  has  not  been  in  use  for  about  two 
years. 

HARRIS  WELL  (SEC.  6.  T.  x  N.,  R.  2  E.). 

J.  J.  Harris  has  a  4-inch  drilled  well  103  feet  deep.  Water  was 
encountered  at  a  depth  of  32  feet,  but  it  contained  common  salt  and 
alkali  in  quantities  suflBcient  to  render  it  unfit  for  use.  Again,  at  a 
depth  of  47  feet,  water  was  encountered  so  stronglj'  impregnated  with 
salts  that  it  is  described  as  brine.  At  a  depth  of  98  feet  a  gravel  bed 
was  encountered,  yielding  a  supply  of  good  water. 
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1a}(j  of  J.  J.  llarriii's  well. 

Feet. 

Soil  and  clay 32 

Sand  and  gravel,  salt  water 2 

Clay  and  cement 18 

Sand  and  gravel,  brine 3 

Clay  and  gravel : 38 

Hard  cement 10 

(iravel  and  l)owlders,  water  l)earing 3 

The  water  from  the  gravel  bed  at  the  bottom  of  the  well  rises  to 
within  30  feet  of  the  surface  of  the  ground,  2  feet  above  the  surface 
of  the  upper  water  horizon.  The  upper  saline  waters  are  cased  off 
and  the  water  used  is  from  the  lower  gravel  stratum.  The  analysis  of 
this  water  is  as  follows: 

Analysis  of  water  from  J.  J.  Harris's  well. 

Quantitative  (parts  in  100,000) : 

Total  solids  soluble  at  110°  C 268. 00 

Chlorine  in  terms  of  NaCl  (common  salt) 185. 60 

Hardness  in  terms  of  CaSO^  (sulphate  of  lime) 34. 80 

Alkalinity  in  terms  of  NajCO,  ( black  alkali ) None. 

Nitrogen  in  the  form  of  nitrates : 2. 00 

Nitrogen  in  the  form  of  nitrites Very  faint. 

Qualitative: 

Sulphates Strong. 

Magnesia Strong. 

Lime V'ery  strong. 

Bicarbonates Pronounced. 

KELLNER  WELL  (SEC.  6,  T.  i  N.,  R.  i  E.). 

Mr.  E.  F.  Kellner's  well,  which  is  situated  12  miles  west  of  Phoenix 
on  the  Yuma  road,  is  a  7-inch  well  554  feet  deep.  A  light  flow  of 
water  was  obtained  at  322  feet,  which  rose  to  within  18  feet  of  the 
surface.  The  purpose  in  sinking  the  well  was  to  obtain  if  possible  a 
supply  of  flowing  or  artesian  water.  Owing  to  accidents  in  the  work 
the  well  was  never  completed  and  has  never  been  used. 

In  January,  1904,  in  taking  the  temperature  of  the  well  it  was  found 
to  be  only  324  feet  deep,  the  lower  230  feet  having  filled  with  sand. 
Water  was  found  at  a  depth  beneath  the  surface  of  32  feet,  a  lowering 
of  14  feet  since  the  well  was  drilled.  The  t-emperature  at  the  depth 
of  324  feet  is  82.3^  F. 

OSTRICH  RANCH  WELL  (SEC.  3,  T.  i  N.,  R.  i  E.). 

This  is  a  4-inch  drilled  well  170  feet  deep  with  110  feet  of  water. 
Water  is  raised  either  by  windmill  or  engine  as  occasion  demands.  The 
pumping  is  intermittent,  but  the  well  is  known  to  yield  at  least  35 
gallons  per  minute.  The  full  capacity  is  not  known.  No  satisfactory 
record  of  the  formation  penetrated  at  this  place  could  be  obtained. 
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Analysis  of  water  from  Ostrich  ranch  well. 

Quantitative  (parts  in  100,000): 

Total  solids  soluble  at  110°  C 130.00 

Chlorine  in  terms  of  NaCl  (common  salt) 76. 00 

Hardness  in  terms  of  CaS04  (sulphate  of  lime) 8. 20 

Alkalinity  in  terms  of  Na^COj  (black  alkali ) None. 

Qualitative: 

Sulplates Very  strou^. 

Magnesia Distinct. 

Lime Strong. 

Bicarbonate.«< Strong. 

MOORE  WELL   (SEC.  ii.  T.  i  N.,  R.  i  W.). 

The  well  of  Mr.  W.  G.  Moore  is  situated  on  the  western  l>order  of 
the  Agua  Fria  flood  plain.  It  has  been  in  operation  since  1894,  and 
irrigates  250  acres.  The  well  is  about  60  feet  long  and  20  feet  wide, 
and  has  a  maximum  depth  of  16  feet.  ,  The  water,  which  is  luised  by 
a  6-inch  Byron  Jackson  centrifugal  pump,  operated  b}'  a  traction 
engine,  is  said  to  run  at  present  about  110  inches  (1,238  gallons  per 
minute)  continuously.  More  vigorous  pumping  drains  the  well.  The 
water  is  the  underflow  of  the  Agua  Fria,  and  the  available  quantity'  is 
directly  dependent  on  the  condition  of  this  stream.  From  1894  to 
1902  a  depth  of  12  feet  supplied  a  satisfactory  quantity'  of  water,  but 
in  1902  the  water  was  low,  owing  to  a  long  drought,  and  the  well  was 
lowered  4  feet  to  secure  the  required  amount  of  water.  During  the 
first  four  months  of  the  present  year  (1903)  the  water  has  risen  in 
the  well  3.5  feet. 

HEATON  WELL  (SEC.  15,  T.  i  N..  R.  i  W.). 

Mr.  John  Heaton's  well  is  45  feet  deep;  the  lower  33  feet  is  drilled 
and  has  a  6-inch  casing.  The  dug  part,  12  feet,  is  walled  and 
cemented,  and  serves  as  a  small  reservoir.  At  the  bottom  is  a  hori- 
/onttil  suction  pipe  is  attached  to  the  well  easing,  and  supplied  with  4 
common  suction  cylindere  5  inches  in  diameter;  from  each  cylinder  a 
small  rod  extends  to  an  eccentric  revolving  shaft  at  the  top  of  the  well. 
The  casing  is  fitted  with  a  check  valve  to  prevent  any  return  of  the 
water  from  the  well  reservoir  down  the  casing  pipe  when  the  pumps 
are  stopped.  It  is  thus  evident  that  while  in  operation  the  suction 
cylinders  are  12  feet  under  water,  and  the  4  iron  rods  attached  to  the 
plungers  work  through  this  depth  of  water  with  considerable  friction. 
The  fourfold  plunge  pump  is  operated  by  an  8-horsepower  gasoline 
engine,  in  which  distillate  is  used  in  place  of  gasoline.  The  engine 
has  a  much  greater  capacity  than  the  work  demands,  and  runs  at  a 
proportionate  disadvantage. 

A  careful  computation  of  the  cost  of  raising  water  in  this  manner 
was  made  and  is  given  below.     The  depth  from  which  the  water  is 
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lifted  while  the  pump  is  in  opemtion  could  not  be  measured  accurately 
on  account  of  the  peculiar  construction  of  the  well.  It  is  thought^ 
however,  from  the  behavior  of  other  wells  in  the  vicinity,  that  the  lift 
does  not  vary  greatly  from  the  figure  given  below,  28  feet.  Since  the 
engine  works  automatically,  there  is  no  account  taken  of  attendance. 

Oott  of  raising  water  from  John  Heaton^s  well. 

Cost  of  well $100. 00 

Cost  of  engine  and  pomp $400. 00 

Interest  on  investment  at  7  per  cent  per  annum  for  45  hours $0. 18 

Depreciation  at  10  per  cent  per  annum  for  45  hours $0. 26 

Capacity  of  pump  in  gallons  per  minute 120 

Number  of  hours  to  raise  1  acre-foot 45 

Gallons  of  distillate  used  in  a  10-hour  run 13 

Gallons  of  distillate  used  to  pump  1  acre-foot 13. 5 

13.5  gallons  of  distillate  at  25  cents $3. 38 

Oil  and  repairs  (estimated ) $0. 05 

Total  cost  per  acre-foot $3. 87 

Lift  in  feet 28 

Average  cost  per  foot  in  lifting  1  acre-.foot  of  water $0. 138 

AjuUysis  of  water  from  John  Heaion^i^  well. 

Quantitative  (parts  in  100,000) : 

Total  solids  soluble  at  llO**  0 28.00 

Chlorine  in  terms  of  NaCl  (common  salt) 5. 20 

Hardness  in  terms  of  CaS04  (sulphate  of  lime) 1 .  09 

Alkalinity  in  terms  of  Na,CO,  ( black  alkali ) None. 

Qualitative: 

Sulphates , Pronounced. 

Magnesia Pronounced. 

Lime Pronounced. 

Bicarbonates None. 

HAYNE  WELL  (SEC.  i,  T.  i  N.,  R.  i  W.). 

L.  C.  Hayne'8  well  i«  11  b}^  7  feet  and  24  feet  deep,  with  8  feet  of 
water.  Water  is  raised  by  a  .small  steam  engine  and  a  4-inch  centrifu- 
gal pump,  which  is  said  to  supply  5(X  inches  of  water  (562  gallons  per 
minute). 

The  well  seems  to  be  supplied  by  seepage  from  the  irrigated  area  to 
the  east.  When  irrigation  is  carried  on  extensively  the  water  in  the 
well  is  notably  higher. 

RICHARDSON  DITCH  (SEC.  15,  T.  i  N.,  R.  i  W.). 

Mr.  Richardson  has  a  seepage  ditch  near  the  mouth  of  the  Agua  Fria. 
The  ditch  cuts  the  water-bearing  gravels  for  alK)ut  three-fourths  of  a 
mile  to  a  maximum  depth  of  10  feet.  The  water  obtained  is  estimated 
sit  a  maximum  of  150  inches  when  the  ditch  is  kept  clear.  Less 
than  50  inches  were  flowing  at  the  time  the  ditch  was  visited.  The 
accumulations  of  sand  and  algse  cause  continuous  work  in  keeping  the 
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ditch  clear.  Mr.  Richardson  estimates  that  the  constant  work  of  a 
man  and  team  is  required  in  order  to  obtain  the  best  results  from  the 
ditch. 

Analysis  of  water  from  Riclmrdson  ditch. 


Quantitative  (parte  in  100,000): 

Total  solids  soluble  at  1 10**  C 

Chlorine  in  terms  of  NaCl  (common  salt) 

Hardness  in  terras  of  CaS04  (sulphate  of  lime)  . 

Alkalinity  in  terms  of  Na^COg  (black  alkali)  ... 

Nitrogen  in  the  form  of  nitrates 

Nitrogen  in  the  form  of  nitrites 

Qualitative: 

Sulphates ■    Very  strong. 

Magnesia 

Lime Very  strong. 


1  5,  1900. 

April  21, 190a 

30.00 

as.  4 

6.00 

7.4 

None. 

None. 

1.17 

1.3 

.126 

.14S 

.0032 

Faint. 

strong. 

Strong. 

Strong. 

Strong. 

strong. 

Strong?. 

COOPER  WELL  (SEC.  i6,  T.  i  N..  R.  4  E.). 

Mr.  J.  D.  Cooper  has  a  small  pumping  plant  north  of  Tempe.  The 
well  is  14  by  20  feet  and  22  feet  deep,  with  4  feet  of  water.  ^  The  water 
is  raised  by  a  4-horsepower  gasoline  engine  and  bucket  pump,  which 
yields  a  supply  estimated  at  20  inches  (PI.  VI).  The  well  is  in 
gmvels,  a  few  rods  from  the  river  bank,  and  the  water  comes  from  the 
flow  of  the  river,  which  is  here  continuous. 

THOMAS  MURPHY  WELL   (SEC.  30,  T.  a  N..  R.  4  E.). 

Mr.  Thomas  Murphy's  well  is  located  northeast  of  Phoenix,  west  of 
the  Crosscut  canal.  It  is  a  6-inch  well,  325  feet  deep,  and  is  one  of 
the  few  wells  of  the  region  which  reach  bed  rock.  The  sandstone 
and  conglomerate  shown  in  the  log  is  probably  the  same  as  the  sedi- 
mentary formation  which  occujl's  at  Camelback  Mountain,  about  2 
miles  to  the  north,  and  in  the  buttes  just  east  of  the  Crosscut  canal, 
and  which  is  described  in  Chapter  II. 

lA)g  of  Thomas  Murphy's  v^dl  No.  J. 

Feet. 

Soil 4 

Clay  and  cement 66 

Gravel 3 

Cement 5 

Gravel,  water  bearing 37 

Clay 27 

(iravel 3 

Conglomerate 31 

Red  Handstone 129 

Shale 17 

Sandstone 3 
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The  conglomerate  of  thin  well  should  not  be  confused  with  the  water- 
bearing gravels  and  bowlders  so  common  in  the  valley-fill.  The  valley- 
till  is  here  only  140  feet  deep;  l>elowthis  depth  the  material  is  consoli- 
dated red  breccia,  and  can  not  be  expected  to  yield  water  so  readily  as 
the  unconsolidated  gravels  of  the  valley -till. 

Analyses  have  been  made  from  water  taken  at  4  horizons  at  this 
place.  The  horizons  are  78  feet  (1),  168  feet  (2),  187  feet  (3),  and  225 
feet  (4),  respectively,  below  the  surface.  The  water  from  the  upper 
horizon — that  from  the  87-foot  gravel  bed — is  strongly  charged  with 
sodium  carbonate  (black  alkali),  while  the  waters  from  the  lower  hori- 
zons are  free  from  the  alkali. 

AnalyaeM  of  miier  from  Thomas  Murphy* m  well  So.  J. 

No.  1.  No.  i.  No.  3.  No.  4. 

825.8 
128.4 
»2. 1 
None. 

.  DO 

.0078 

Very  strong. 
Very  strong. 
Very  strong. 


Quantitative  (i>art8  in  100,000): 

Total  flolids  mluble  at  110°  (^ :iM0.4  803.2  8M8.0 

Chlorine  in  terms  of  NaCl  (com- 
mon salt) 140.0  i:«.o    i  lOfi.o 

Hardness  In  terms  of  CaS04  (sul- 
phate of  lime) 10.88  None.  None. 

Alkalinity  in  terms  of  Na,  COj  I  I 

(black  alkali) None.  2.70  45.16 

Nitrogen  in  the  form  of  nitratcH. .                    2. 33  i  .80                  1. 43 

Nitrogen  in  the  form  of  nit  ritey...                      .40  None.                    .0666 

Qualitative: 

Sulphates Very  strong.  Ver>'  strong.  Very  strong. 

Magnesia Very  strong.  Very  strong.  Ver>'  strong. 

Lime Very  strong.  '  Very. strong.  Very  strong. 


Another  deep  well  is  in  proi-ess  of  construction  by  Mr.  Thomas 
Murphy  at  the  northern  border  of  this  section.  At  the  present  time  it 
is  8(>5  feet  deep.  Very  little  water-bearing  material  was  encountered, 
as  is  shown  in  the  log.  It  is  worthy  of  note  that  the  well  i)enetrates 
red  sandstone,  presumably  the  red  breccia  exposed  to  the  east  and  to 
the  north,  and  that  beneath  the  sandstones  occurs  soft  clay.  Where 
the  red  breccia  is  exposed  at  the  surface  it  rests  upon  granite.  This 
does  not  seem  to  be  the  case  in  the  Murphy  well.  It  is  possible  that 
the  clay  at  the  bottom  is  nothing  more  than  soft  shale,  similar  to  the 
shale  above,  and  that  the  drill  worked  it  into  a  pliant  mass  not  recog- 
nizable from  unconsolidated  clay.  On  the  other  hand  it  is  possible 
that  the  clay  penetrated  by  the  Murphy-McQueen  well  at  Mesa,  and 
by  the  705-foot  Chandler  well  occurs  at  this  place  and  is  penetrated  by 
the  Thomas  Murph}'  well. 

Ijoy  of  Thomdi*  Murjyhif*:^  treif  \o.  J. 

Feet. 

Cemented  wash 160 

Red  sandstone 88 

Shale  and  clay  containing  fragments  of  granite 225 

Alternating  layers  of  shale  and  sandstone 427 

Soft  clay 15 
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Since  this  is  the  deepest  well  in  the  valle}' — the  Murphy -McQueen 
well  having  tilled  with  sand  for  several  hundred  feet — a  series  of  tem- 
perature observations  were  made^  as  follows: 

Temperature  of  Thomas  Murphy* s  well  No.  H  at  various  depths. 


Depth. 


Tempera- 
ture. 


Feet.        .  Deffreef. 

100 74.  6-f 

200 79.1-1- 

300 79.8+ 

400 '  80.04 

500 80.6+ 

600 81.1  + 

700 81.9-r 

800....  82.  If 

S36 83.04 


Time  ther- 
mometer 
remained 
in  well. 


Ilourg. 


Remarks. 


8  feet  beneath  the  water.  Temperature 
probably  lowered  by  surface  evapora- 
tion. 


3 

3 
16 

7 
17  'Suspended  in  water. 

2 

2 

2 
20  '  In  mud  at  bottom. 


The  observations  indicate  a  moderately  regular  increase  in  tempera- 
ture downward,  although  that  increase  is  not  so  rapid  as  might  1h^ 
expected.  No  variation  of  temperature  is  caused  here  by  circulation 
of  water,  as  the  water-bearing  strata  are  cased  oflf  at  the  present 
time.  Since  no  work  has  been  done  at  the  well  for  two  months  or 
more  the  recorded  temperatures  are  evidently  the  true  temperatures^ 
for  the  rock  at  the  various  depths. 

The  temperatures  taken  at  intervals  of  100  feet  indicate  an  increa.^ 
downward  of  0.2*^  F.  to  0.9'^  F.  per  100  feet.  Reckoned,  however, 
from  the  basis  of  the  average  surface  temperature,  a  very  different 
rate  is  obtained.  The  average  surface  temperature  at  Phoenix,  based 
on  seven  years'  observation,  is  69.3°  F.  There  is,  therefore,  an 
increase  downward  of  14.7°  F.  in  835  feet,  or  an  average  increase  of 
1°  F.  for  every  57  feet. 

All  things  considered,  this  series  of  observations  gives  the  most 
accurate  record  of  the  rate  of  increase  of  temperature  downward  of 
any  observations  obtained  in  this  region,  but  since  the  well  is  not  in 
the  range  of  free  circulation  of  Salt  River  underflow  the  temperature 
is  not  included  in  the  table  showing  the  temperature  of  that  underflow, 
which  is  given  in  Chapter  IV. 

W.  J.  MURPHY  WELL  (SEC.  5,  T.  a  N..'  R.  3  E.). 

This  is  a  3-inch  drilled  well  128  feet  deep  with  18  feet  of  water. 
Water-bearing  gravels  were  encountered  at  a  depth  of  110  feet  and 
are  at  least  18  feet  thick. 
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I^  of  }V,  J.  Murj>hy*»  u^elL 

Feet. 

Alternating  sand,  clay,  and  cement 110 

Gravel  and  bowlders,  water  bearing 18 

Analysis  ofwat4>Tfrom  W,  J.  Murphi/s  well. 

Quantitative  (parts  in  100,000): 

Total  solids  soluble  at  110°  C 115.8 

Chlorine  in  terms  of  NaCl  (common  salt) 85. 6 

Hardness  in  terms  of  OaS04  (sulphate  of  lime) 46. 11 

Alkalinity  in  terms  of  Na,C05  (black  alkali) ' None. 

Qualitative: 

Sulphates Very  strong. 

Magnesia Very  strong. 

Lime Very  strong. 

MESSINOER  WELL  (SEC.  4,  T.  a  N.,  R.  3  E.). 

M.  W.  Messinger'H  well  is  drilled  175  feet  deep  and  cased  to  the 
bottom,  with  no  perforations.  The  water  is  52  feet  deep,  having  its 
surface  123  feet  below  ground  surface.  The  available  quantity  of 
water  was  tested  with  a  12-horsepower  engine  and  pump.  The  yield 
could  not  be  learned,  but  when  the  pump  was  run  at  the  greatest  speed 
possible  the  water  was  lowered  only  2  feet. 

BEET-SUOAR  FACTORY  WELL  (SEC.  8,  T.  a  N..  R.  a  E.). 

A  6-inch  well  has  been  drilled  at  the  beet-sugar  factory  now  in  proc- 
ess of  construction  near  Glendale.  The  well  is  117  feet  deep  and  is 
designed  only  to  furnish  water  for  the  construction  work  of  the  factory. 
The  water  is  drawn  from  the  gravels  at  the  bottom  of  the  well.  It  is 
under  very  little  pressure,  as  it  stands  about  100  feet  below  the  surfac^e. 

Log  of  well  at  beet-sugar  factory,  Glendale. 

Feet 

Soil 8 

Sand  and  gravel 2 

Clay 7 

Cemented  gravel 2                         1 

Clay 29 

Cement 8                         j 

Cemented  bowlders 16                         , 

Cement .* 14                         I 

Clay 19 

Sand  and  gravel,  water  bearing 12 

Analyses  of  water  from  well  at  beet-sugar  fojctory^  Glendale. 

Quantitative  (parts  in  100,000): 

Total  solids  soluble  at  1 10**  C 64.60 

Chlorine  in  the  terms  of  NaCI  (common  salt) 15. 50 

Hardness  in  the  terms  of  CaSOi  (sulphate  of  lime) None. 

Alkalinity  in  the  terms  of  Na,CO,  (black  alkali ) 1 .  99 

Nitrogen  in  the  form  of  nitrates 1.24 

Nitrogen  in  the  fonn  of  nitrites 08  \ 
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Qualitative: 

Sulphates Pronoonced. 

Magnesia Faint. 

Lime Pronounced. 

Bicarbonates Strong. 

BARTLETT  WELL  (SEC.  4,  T.  a  N.,  R.  2  E.). 

S.  C.  Bartlett's  well,  one  of  the  first  to  be  drilled  in  the  region,  was 
completed  in  1892.  It  was  311  feet  deep,  but  was  cased  with  4-inch 
pipe  to  a  depth  of  only  70  feet.  No  log  of  the  well  was  preserved, 
but  Mr.  A.  J.  Straw,  who  was  managing  the  Bartlett  ranch  at  the  time 
the  well  was  put  down,  stated  that  the  first  water  struck  was  at  tlie 
depth  of  120  feet.  A  second  water-bearing  stratum  was  penetrated  at 
a  depth  of  about  185  feet,  and  a  third  at  the  bottom  of  the  well — 311 
feet. 

This  well  has  been  of  great  interest  in  the  community  on  account  of 
certain  indications  which  lead  to  the  supposition  that  water  is  to  be 
found  under  sufficient  pressure  to  make  flowing  wells.  Mr.  Straw, 
who  is  himself  an  experienced  well  driller,  and  has  put  down  a  large 
number  of  the  wells  near  Phoenix,  said  that  at  a  depth  of  311  feet 
the  drill  struck  a  very  hard  layer,  on  which  the  drilling  raachinery 
employed  was  not  strong  enough  to  have  much  effect.  After  pound- 
ing for  about  two  hours  the  water  is  said  to  have  suddenly  spurted 
from  the  well,  rising  about  7  feet  above  the  top  of  the  casing.  The 
upward  rush  of  the  water  lifted  the  drill  and  operations  were  stoppeil. 
The  water  flowed  from  the  well  for  a  few  moments,  then  gradually 
ceased.  The  next  morning  the  drill  was  started  again  and  the  water 
is  said  to  have  again  spurted  from  the  top  of  the  pipe  as  before,  and 
operations  were  discontinued,  the  drilling  machinery  being  inadequate 
to  cope  with  the  difficulty. 

Water  enough  was  obtained  to  supply  all  needs  at  the  time  and 
nothing  further  has  been  done  to  the  well.  Since  the  casing  reaches 
only  to  a  depth  of  70  feet,  the  lower  portion  of  the  well  soon  tilled 
and  the  water  is  now  derived  presumably  from  the  upper  or  120-foot 
horizon. 

ALKIRE  WELLS  (SEC.  21,  T.  2  N.,  R.  2  E.). 

Frank  Alkire  has  two  drilled  wells  in  this  locality.    The  last  one  was 

..completed  in  1903;  it  is  a  G-inch  well  96  feet  deep.     No  water  worthy 

of  mention  was  encountered  until  the  well  reached  a  depth  of  96  feet, 

when  a  gravel  bed  was  entered,  which  yields  all  the  water  desired. 

This  water  wa^  confined  by  a  hard  layer  of  C'Cment. 
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Log  of  Frank  Alkire^m  u^lf  near  PhoenLv. 

Feet. 

Soil 22 

Sand  and  gravel,  dry 6 

Clay,  sand,  and  cement 27 

Gravel,  a  little  water 10 

Cement 1 

Bowlders,  water  bearing ? 

Analysis  of  water  from  Frank  Alkire^s  \ctU^  near  Phoenix. 

Quantitative  (parts  in  100,000): 

Total  solidfl  soluble  at  110°  C 41.1 

Chlorine  in  terms  of  NaCl  (common  salt) 10. 0 

Hardness  in  terms  of  CaSO^  (sulphate  of  lime) Strong. 

Alkalinity  in  terms  of  Na,CO,  (black  alkali) None. 

Nitrogen  in  the  form  of  nitrates 0004 

Nitrogen  in  the  form  of  nitrites 1.6 

SILVA  WELL  (SBC.  15,  T.  a  N..  R.  a  E.). 

Mr.  Alexander  Silva's  well  is  dug  100  feet  and  drilled  35  feet.  The 
water  stands  95  feet  below  the  surface.  Some  water  was  found  in 
black  sand  at  a  depth  of  103  feet,  but  no  satisfactory  supply  %ati 
obtained  until  gravel  was  reached  at  a  depth  of  110  feet.  The  water 
from  this  gravel  bed  flows  continually  from  the  top  of  the  pipe  into 
the  open  or  dug  part  of  the  well  and  leaks  back  again  in  the  stratum 
of  sand  above. 

Log  of  Alexander  Silva^s  well  near  Phoenix ^  Ariz. 

Feet. 

Soil 12 

Sand  and  gravel 6 

Alternating  layers  of  cement,  clay,  and  sand 72 

Quicksand 6 

Hard  cement 7 

Black  sand 4 

Clay 9 

Sand,  gravel,  and  bowlders,  water  bearing 16 

MILLER  WELL  (S£C.  33,  T.  2  N.,  R.  2  B.). 

Edward  Miller  has  a  4>inch  drilled  well  78  feet  deep,  with  24  feet  of 
water.  A  stream  of  salt  water  was  encountered  at  a  depth  of  50  feet. 
Beneath  the  salt  water  a  stratum  of  cement  occurs,  beneath  which  is  a 
sand  yielding  a  satisfactory  supply  of  good  water.  This  water  is 
under  slight  pressure  and  rose  a  few  feet  when  struck. 

Log  of  Edward  Miller's  irell  near  Phoenix^  Ariz. 

Feet. 

Sandy  soil 16 

Bowlders,  dry 4 

Cement,  sand,  and  clay 30 

Gravel,  salty  water 3 

Cement ? 

Sand,  water  bearing ? 
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HOUGH  WELL  (SEC.  6,  T.  2  N..  R.  2  E.). 

Mr.  Samuel  Hough  has  a  6-inch  drilled  well  105  feet  deep,  with  15 
feet  of  water.  For  95  feet  the  material  is  sand,  clay,  and  grav^el,  more 
or  less  cemented;  for  the  lower  10  feet  it  is  uncemented  gravel.  The 
material  is  sufficiently  firm  to  stand  without  casing,  and  the  well  i.s 
cased  only  a  few  feet  from  the  top.     It  has  been  in  use  since  1899. 

c 

A.  H.  SMITH  WELL  (SEC.  21,  T.  2  N.,  R.  2  E.). 

A.  H.  Smith's  well  was  dug  96  feet  deep  and  had  originallj'  13  feel 
of  water,  probably  derived  from  the  gravel  bed  reached  by  other  welLs 
of  the  vicinity,  though  this  can  not  be  definitely  stated.  At  a  depth  of 
96  feet  the  well  was  in  a  hard  cement  which  required  blasting;  after 
the  blast  the  workman  descended  but  found  the  water  13  feet  deep  in 
the  well,  and  nothing  further  has  ever  been  done.  The  water  is  used 
only  for  domestic  purposes,  but  the  supply  seems  to  be  abundant. 

A7uily9i»  ofivaterfrom  A.  H.  Smithes  well. 

Quantitative  (partis  in  100,000): 

Total  Bolids  soluble  at  110°  C , 130.5 

Chlorine  in  the  terms  of  NaCl  (common  salt) 40. 0 

HardneRS  in  the  terms  of  CaSO^  (sulphate  of  lime) Stronjr. 

Alkalinity  in  the  terms  of  Na,CO,  (black  alkali) None. 

Nitrogen  in  the  form  of  nitrates 10. 0 

Nitrogen  in  the  form  of  nitrites 01 2 

GLENDALE  TOWN  WELL  (SEC.  8,  T.  a  N..  R.  a  E.). 

This  is  a  H-inch  drilled  well  112  feet  deep,  and  contains  12  feet  of 
water.  It  was  put  down  in  1894  and  has  yielded  a  satisfactory  supply 
of  water  ever  since  that  time. 

Analyfds  of  water  from  the  Glendale  tmni  ivell,  GUndaie^  Ariz, 

Quantitative  (parts  in  100,000) : 

Total  soluble  solids  at  110®  C 79.2 

Chlorine  in  terms  of  NaCl  (common  salt) 39. 0 

Hardness  in  terms  of  CaS04  (sulphate  of  lime) Strong. 

Alkalinity  in  terms  of  Na,OOs  (black  alkali) None. 

Nitrogen  in  the  form  of  nitrates None. 

Nitrogen  in  the  form  of  nitrites 0003 

HAMILTON  WELL  (SEC.  5,  T.  a  N.,  R.  a  E.). 

Mr.  H.  W.  Hamilton  has  a  6-inch  drilled  well  120  feet  deep,  with 
7  feet  of  water.  Water-bearing  gravels  were  encountered  at  a  depth 
of  119  feet. 
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AnalyBiS  of  ivaier  from  H.  W.  Hamilt<m*g  \veU, 

Quantitative  (})art8  in  100,000): 

Total  solids  Boluble  at  110*»  C 116.80 

Chlorine  in  terms  of  NaOl  (common  salt) 35. 60 

Hardness  in  terms  of  CaS04  (salphate  of  lime) 46. 11 

Alkalinity  in  terms  of  J^9lJCO^  (black  alkali) None. 

Qualitative: 

Sulphates Very  strong. 

Magnesia  '.7.'. Very  strong. 

lime Very  strong. 

Bicarbonates « No  trace. 

J.  P.  ORMB  WELL  (SEC.  25,  T.  a  N..  R.  i  E.). 

Mr.  J.  p.  Orme's  well  is  dug  74  feet  deep.  At  a  depth  of  44  feet 
gravels  were  encountered  which  yielded  a  little  water,  but  the  supph' 
was  not  satisfactory  and  the  well  was  deepened.  At  a  depth  of  72  feet 
a  loose  gmvel  bed  was  found  which  yielded  a  large  supply,  the  water 
rising  26  feet  and  remaining  near  that  level  since  the  well  was  dug  in 
1885.  The  well  is  now  tilled  to  some  extent  so  that.the  water  does  not 
actually  measure  26  feet.  The  water  from  the  lower  gravels  is  said  to 
be  much  better  in  quality  than  that  which  comes  from  higher  horizons. 

Log  of  J.  P.  Orme^s  well^  near  Phoenix. 

Feet. 

Soil 18 

Loose  gravel  and  sand 12 

Cement 14 

Looee  gravel  and  sand,  little  water 15 

Cement 13 

Gravel,  water  bearing 2 

L.  B.  ORME  WELL  (SEC.  35,  T.  a  N.,  R.  i  E.). 

L.  B.  Orme  has  a  4-inch  drilled  well  102  feet  deep.  The  material  to 
a  depth  of  76  feet  is  clay,  sand,  and  cement,  yielding  no  satisfactory 
water  supply.  At  76  feet  a  gravel  bed  was  encountered  from  which 
the  water  rose  14  feet — to  within  62  feet  of  the  surface. 

Log  of  L.  B.  Orme'»  weU^  near  Phoenix. 

Feet. 

Sofl 6 

Sand  and  gravel 6 

Soil 10 

Alternating  layers  of  cement,  clay,  and  sand 54 

Gravel  and  bowlders,  water  bearing '. 26 

BURROWS  WELL   (SEC.  35.  T.  a  N.,  R.  t  W.). 

Dr.  C.  Burrows's  well,  which  is  10  feet  square  and  25  feet  deep,  is  a 
seepage  well  in  the  sands  and  gravels  of  the  Agua  Fria.  It  was  in  use 
from  1896  to  1900.  Water  was  raised  by  steam  power  and  a  centrifu- 
gal pump,  which  furnished  a  continuous  stream  of  150  inches  (1,680 
gallons  per  minute).     No  use  has  been  made  of  the  well  since  1900. 
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WIEDER  WELL  (SEC.  3a,  T.  3  N.,  R.  3  E.). 

J.  A.  Wieder's  well  is  drilled  146  feet  deep.  Near  the  bottom  is  a 
sand  stratum  that  yields  the  water,  which  is  17  feet  deep  and  of  good 
supply.  The  windmill  with  which  the  well  is  supplied  has  not  been 
able  to  exhaust  the  supply  even  in  the  strongest  winds.  The  well  is 
not  cased,  and  yet  in  the  six  years  since  it  was  drilled  only  1  foot  of 
sand  has  accumulated  at  the  bottom,  the  material  through  which  it  is 
drilled  being  almost  entirely  composed  of  the  coarse  angular  wai^h 
from  the  hills.     No  waterworn  gravels  were  encountered. 

Analysis  of  loaler  frcmi  J.  A.  Wieder^s  well. 

Quantitative  (parts  in  100,000): 

Total  solids  soluble  at  110°  C 76.1 

Chlorine  in  terms  of  NaCl  (common  salt) 31. 5 

Hardness  in  terms  of  CaS04  (sulphate  of  lime) Strong. 

Alkalinity  in  terms  of  NajCOj  (black  alkali) None. 

Nitrogen  in  the  form  of  nitrates 70 

Nitrogen  in  the  form  of  nitrites 0078 

FOWLER  WELL  (SEC.  33,  T.  3  N.,  R.  2  E.). 

Mr.  B.  A.  Fowler  has  a  6-inch  drilled  well  133  feet  deep  with  8  feet 
of  water.  The  well  was  drilled  in  1899.  No  accurate  log  of  the  well 
was  kept,  but  the  presumption  is  that  the  water  comes  from  a  depth  of 
133  feet. 

Analysis  of  tvater  from  B.  A.  Fowler* s  weU. 

Quantitative  (parts  in  100,000): 

Total  solids  soluble  at  110*^  C 80.9 

Chlorine  in  terms  of  NaCl  (common  salt) 13. 2 

Hardness  in  terms  of  CaS04  (sulphate  of  lime) 36. 5 

Alkalinity  in  terms  of  NajCOj  (black  alkali) None. 

COLE  WELL  (SEC.  31,  T.  3  N.,  R.  2  E.). 

Thin  well  is  dug  125  feet  deep.  The  material  is  alternating  layers 
of  sand,  clay,  and  cement  for  123  feet,  when  a  water-bearing  sand  is 
encountered.  Two  feet  deeper  a  strong  flow  was  struck  from  which 
the  water  rose  19  feet,  where  it  has  remained  practically  constant  since 
1896,  when  the  well  was  dug. 

Log  of  N.  0.  Cole's  well,  near  Phoenix. 

Feel. 

Alternating  layers  of  sand,  clay,  and  cement , 123 

Sand  and  gravel,  water  bearing '. 2 

TABULATION  OF  WELLS  FOR  PHOENIX  REGION. 

Many  wells  in  the  Phoenix  region  were  visited  in  addition  to  those 
described.  In  most  cases  nothing  was  found  worthy  of  special  descrip- 
tion, and  the  measurements  were  placed  directly  on  the  map  for  con- 
struction of  the  water  table.  In  other  cases  meager  information  was 
obtained,  as  indicated  in  following  table: 
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CHAPTER  II. 

GEOLOGY. 

The  formations  within  the  aiva  covered  by  the  accompanying  geo- 
logic map  (PL  VII)  are  limited  in  number,  owing  to  the  fact  that  the 
only  map  of  the  region  available  for  iwe  in  showing  the  areal  distri- 
bution of  the  geologic  formations,  was  constructed  primarily  as  a 
map  of  irrigable  lands.  In  order  to  obtain  a  correct  conception  of  the 
geologic  relations  of  the  valley,  something  of  the  surrounding  hills 
must  be  known.  For  this  reason  a  brief  description  of  the  formations 
occurring  near  Salt  River  Valley  is  included  with  those  represented 
on  the  map. 

PRE-CAMBRIAN  ROCKH. 

A  small  area  of  the  Archean  complex  is  included  in  the  region  shown 
on  the  map  north  of  Tempe  and  in  Camelback  Mountain.  The  rock  is 
mainly  granite  and  gneiss,  intersected  in  numerous  places  by  dikes, 
most  of  which  are  highly  decomposed.  Outside  the  valley  the  granites 
are  extensively  exposed  in  the  surrounding  hills.  In  the  Salt  River 
Mountains,  south  of  Phoenix,  a  fine-grained  biotite-granite  occurs, 
which  is  being  used  successfully  as  an  ornamental  stone.  Gi*anite 
occurs  in  large  masses  in  the  Sacaton  Mountains,  southeast  of  Salt 
River  Valley  and  in  the  mountains  to  the  east  and  the  north.  The 
gmnites,  particular!}'  to  the  east,  are  very  coarsegrained,  the  feldspars 
often  attaining  a  diameter  of  2  inches.  The  rock  disintegi'ates  in  the 
arid  climate  of  Arizona  to  a  coarse-grained  arkose,  commonly  known 
in  this  region  as  granitic  wash. 

Three  samples  of  rock,  so  chosen  that  they  are  representative  of 
the  granites  in  and  about  Salt  River  Valley,  have  been  described  by 
J.  E.  Spurr,  of  the  United  States  Geologiciil  Survey,  as  follows: 

No.  1.  Mountains  Aouth  of  Salt  River  and  east  of  Mesa,  Ariz.,  coarse^  siliceous  bio- 
tite-granite. Structure — hypidiomorphic,  granular,  with  a  tendency  to  idiomorphism, 
suggesting  at  times  a  micro-.pegmatitic  structure.  This  rock  contains  abundant 
quartz;  orthoclase  containing  a  great  deal  of  sericite,  probably  a  de(!om position 
product;  microline;  and  an  undetermined  finely  striated  feldspar,  which  is  very  likely 
albite.  There  is  also  frequent  biotite,  almost  entirely  altered  to  chlorite  and  epidote, 
with  abundant  titanite,  and  considerable  original  magnetite.  The  whole  rock  shows 
the  effects  of  weathering  markedly,  but  is  not  profoundly  decomposed. 

No.  2.  Same  locality  as  No.  1.  Siliceous  granite,  similar  to  No.  1.  Structure — 
coarse,  hypidiomorphic;  contains  orthoclase,  including  much  sericite,  probably  sec- 
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ondary;  quartz  contemporaneous  in  general  with  the  feldspar,  but  lately  segregated 
in  veinlike  bodies;  abundant  epidote  and  chlorite.  Titanite  is  relatively  abundant. 
The  rock  shows  the  effect  of  weathering  to  a  considerable  extent 

No.  3.  From  head-gate  of  Consolidated  canal.  Siliceous  biotite-granite.  Struc- 
ture—irregular, coarse  to  fine,  hypidiomorphic,  granular,  in  part  poikilitic;  contains 
orthoclase,  partly  kaolinized;  micrqline  slightly  decomposed  to  sericite  and  kaolinic 
decomposition  products,  and  a  striated  feldspar  whose  optical  properties  show  it  to 
be  very  siliceous,  probably  anorthoclase.  The  abundant  biotite  is  fairly  fresh; 
quartz  is  present  in  large  quantity;  fine  muscovite  occurring  in  the  orthoclase  in 
flakes  may  be  secondary,  but  is  probably  original;  original  magnetite  is  present: 
titanite  is  in  large  and  abundant  crystals. 

This  rock,  although  a  different  facies  from  Nos.  1  and  2,  is  of  the  same  petro- 
graphic  character,  and  all  can  very  easily  belong  to  a  single  rock  mass  or  intrusion. 
The  condition  of  this  rock  is  fairly  fresh. 

In  addition  to  the  granites  there  are  extensive  series  of  gneisses  in 
the  hills  surrounding  the  valley.  The  granites  pass  into  the  gneisses 
by  imperceptible  gradations.  Rocks  occur  in  which  the  feldspars  are 
but  slightly  deformed,  while  others  reveal  a  highly  gneissoid  structure. 
Bands  of  gneiss  were  noted  in  several  places  in  the  midst  of  granites 
which  show  little  or  no  gneissoid  structure,  probably  where  movement 
has  occurred  along  lines  of  least  resistance,  while  the  more  resistant 
masses  remained  unchanged. 

In  the  Phoenix  Mountains,  immediately  north  of  the  city  of  Phoenix, 
occurs  an  extensive  series  of  metamorphosed  sediments,  many  thou- 
sands of  feet  in  thickneas  (PI.  VIII,  A  and  B).  The  layers  rest  in  a 
nearly  vertical  position.  The  quartzite  which  makes  up  a  large  pro- 
portion of  this  series  has  probably  furnished  many  of  the  quartzite 
bowlders  of  the  valley  fill,  which  are  described  later. 

In  the  Tonto  basin  east  of  Salt  River  Valley  an  extensive  series  of 
quartzites,  argillites,  etc.,  occur,  which,  although  they  are  pre-Cani- 
brian  are  much  less  disturbed  and  less  altered  than  the  sedimentHrios 
of  Phoenix  Mountains  (PI.  IX).  The  pre-Cambrian  series  of  Tonto 
basin  is  probably  the  Apache  group  of  Ransome."  Dr.  Charles  D. 
Walcott  refers  this  formation  to  the  Algonkian.  He  writes  regarding 
the  relations  at  the  Tonto  dam  site: 

The  Carboniferous  limestones  rest  directly  and  imconfoniiabl y  \i\Km  the  quartzites* 
and  argillites  of  the  Algonkian.  ^ 

The  formation  is  composed  throughout  of  extremely  resistant  rock, 
foiming  an  escarpment  in  which  the  strata  are  nearl}'  horizontal,  as 
in  the  Sierra  Ancha  (PI.  IX,  B)^  overlooking  the  Tonto  basin<»  or 
forming  a  ridge  where  the  strata  are  tilted,  as  in  the  ridge  through 
which  Salt  River  has  cut  its  gorge  at  the  Tonto  dam  site  (PI.  IX,  A^ 
and  fig.  11). 

n  RanMome,  F.  L.,  Geology  of  the  Globe  copper  district.  Arizona:  Prof.  Paper  C.  8.  Geol.  Survey  No. 
12. 1903,  pp.  28-39.  Geology  of  Globe  quadrangle:  Geologic  Atlas  U.  8.,  folio  111,  V.  8,  Geol.  Survey. 
1904. 

b  Pergonal  communication. 
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The  thickness  of  this  formation  as  exposed  in  this  gorge  is  about 
1,800  feet.  In  the  Sierra  Ancha  the  same  fonnation  is  seen  and 
seems  to  be  much  thicker.     It  is  extensively  exposed  along  Salt 
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Pig.  11.— Section  through  Salt  River  gorge  at  the  Tonto  dam  site. 

River,  east  of  Tonto  basin,  and  has  probabl}-  furnished  the  greater 
portion  of  the  gravel  and  bowlders  of  the  valley  fill  of  Salt  River 
Valley. 

CARBONIFKROUS  ROCKS. 

The  formation  next  younger  than  the  Apache,  so  far  as  known  in 
the  vicinity  of  Salt  River  Valley,  is  the  lower  Carboniferous.  Fossil- 
iferous  limestones  rest  upon  the  Apache  group  in  the  Tonto  basin,  and 
have  yielded  the  following  fossil  forms: 

Fossils  from  limestone  at  Tonto  basin  dam  site. 


Zaphrentis  sp. 
Menophyllum  excavatum. 
Syringopora  surcalaria. 
S.  aculeata. 
Leptopora  typa. 
Rhipidomella  sp. 
Schuchertella  intequalie. 


ProductuH  Ifevicosta. 
Spirifer  oentronatus. 
iSpirifer  sp. 

Camarota>chia  metallica. 
Platyceras  sp. 
Bellerophon  sp. 
Fish  tooth. 


Fossils  from  limestones  near  Tonto  Inisin  dam  site. 


Zaphrentis  sp. 
Menophyllum  excavatum. 
Cyathophyllum  sp. 
Syringopora  surcularia. 


Leptopota  typa. 
Rhipidomella  sp. 
Sc»huchertella  inaequalis. 
Spirifer  centronatus. 


Fbssilsfrom  limestone  at  Windy  Hilly  Tonto  basin. 


Menophyllum  ex(»vatum. 
Cyathophyllum  sp. 
Syringopora  aculeata. 
Leptopora  typa. 

iKR  136—05 7 


Crinoidal  fragments. 
Spirifer  centronatus. 
Seminula  humilis  7 
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These  fossils  were  identified  by  George  H.  Girty,  paleontologist  of 
the  United  States  Geological  Survey,  who  refers  the  formation  to  thf 
Lower  Carboniferous.  The  fossils  are  identical  with  those  found  in 
the  Red  wall  limestone  of  the  Grand  Canyon  .section.  In  writing  of 
the  fauna,  Mr.  Girty  says: 

The  opinion  is  expressed  with  considerable  confidence  that  the  faunas  represent 
the  earlier  half  of  Mississippian  time.  The  fauna  is  that  which  has  a  wide  range 
throughout  the  West,  having  been  found  in  almost  every  State  east  of  the  Sierra 
Nevadas.  It  characterizes  the  Madison  limestones  of  Wyoming  and  Montana,  the 
Ouray  limestones  of  Colorado  (in  its  upper  portion),  the  lower  i>art  of  the  Wasatch 
limestones  of  Utah,  etc.  The  fauna  resembles  that  of  the  Kinderhook  and  Osage 
divisions  of  the  Mississippi  Valley  section. 

TERTIARY  (?)  DEPOSITS. 
SEDIMENTARY  ROCKS. 

It  is  not  certainly  known  that  any  Mesozoic  strata  are  represented 
in  or  near  Salt  River  Valley.  Near  Tempe  occur  several  isolated 
exposures  of  red  sandstones,  conglomerates,  and  breccias,  of  which  a 
thickness  of  about  200  feet  is  exposed  at  Tempe  Butte.  The  base  is 
a  massive  sandstone,  used  in  the  valley  for  building  purposes.  The 
sands  become  more  and  more  argillaceous  toward  the  top,  where  red 
shale  underlies  the  lava  capping  the  butte.  These  strata  dip  55-  to 
the  southeast  and  strike  N.  60^  E. 

North  of  the  river  at  Tempe  occurs  a  series  of  red  sandstones  passin^j 
downward  through  a  coarse  arkose  to  a  granitic  breccia  at  the  base. 
The  formation  is  apparently  a  continuation  of  the  sandstones  of  Tempe 
Butte,  although  it  dips  southwest  65°  (strike  N.  40°  W.),  nearly  at 
right  angles  to  the  direction  of  dip  at  the  Butte.  This  formation 
apparently  extends  little  more  than  a  mile  north  of  the  river,  although 
this  can  not  be  confidently  stated  on  account  of  the  fragmental  debris 
which  covers  the  greater  part  of  the  surface.  A  well  about  1.5  miles 
noi'tbwest  of  Tempe  is  in  sandstone  to  the  depth  of  about  200  feet, 
while  a  well  2.5  miles  northwest  of  Tempe  is  entirely  in  granite  to  the 
depth  of  110  feet.  The  attitude  of  the  sandstones  both  north  and 
south  of  the  river  is  best  explained  by  faulting,  but  the  fault  planes 
are  entirely  obscured  by  surface  debris.  The  sandstone  is  shown  in 
PL  XII.     Nothing  has  been  found  to  indicate  its  age. 

In  the  buttes  north  of  Tempe  (PI.  XI,  B)  and  on  the  we^stern  slope 
of  Camelback  Mountain  (PI.  XI,  A)  occurs  a  formation  composed  of 
arkose  sandstone,  breccia,  and  conglomerate.  It  is  coarse  and  massive 
and  indicates  only  the  roughest  kind  of  bedding.  It  rests  upon  an 
uneven  surface  of  granite  and  the  base  is  composed  wholly  of  frag- 
mental granite.  Higher  in  the  series  other  constituents  enter.  Quartz, 
quartzite,  jasper,  and  a  number  of  species  of  igneous  rocks  were 
noted.     In  places  the  pebbles  are  wel  1  rounded,  forming  a  conglomerate. 
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but  on  the  whole  the  material  is  sharply  angular.  The  base  is  not  well 
defined.  The  massive  granite  gives  place  to  a  granitic  agglomerate 
scarcely  separable  from  the  unbroken  granite  beneath,  and  this  agglom- 
erate passes  upward  into  conglomerate,  breccia,  and  arkose  sands 
according  to  localitj'.  In  PI.  XI,  A^  granite  is  shown  at  the  right, 
and  massive  granoclastics  at  the  left,  passing  upward  to  stratified 
breccia. 

The  sandstone  and  breccia  of  the  Terape  region  are  similar  in  being 
red,  arkose,  and  devoid  of  fossil  forms.  It  is  possible  that  they  form 
a  single  series  passing  from  the  granoclastic  mass  at  the  base  through 
the  breccias  and  sandstones  to  the  shale  at  the  top.  They  are  not 
found  in  actual  contact,  and  ai'e  apparently  unconfonnable.  The 
breccia  seems  to  lie  across  the  upturned  sandstone,  and  upon  the  gran- 
ite beyond.  It  is  probable  that  the  sandstone,  together  with  the 
granite  against  which  it  rests,  was  upturned  and  deeply  eroded  pre- 
vious to  the  deposition  of  the  breccia. 

Owing,  no  doubt,  to  their  resemblance  in  color  and  texture  to  the 
Triassic  sandstones  occurring  elsewhere,  these  two  formations  have 
)>een  referred  to  the  Trias.  Professor  Blake ^  refers  to  them  briefly 
as  follows: 

Formations  of  the  Mesozoic  are  not  al)sent  in  southern  Arizona.  The  massive  red 
sandstones  north  of  Phoenix,  of  Tempe,  and  of  Mesa  in  Salt  River  Valley  are  referred 
to  the  Trias. 

In  fig.  17  I  have  attempted  to  show  in  a  general  way  the  relation  of 
Salt  River  Valley  to  the  great  continental  plateau.  It  is  probable  that 
the  sedimentary  formations  (pre-Cambrian  and  Carboniferous)  form- 
ing the  escarpment,  and  the  mountain  ridge  at  the  Tonto  dam  site, 
formerly  extended  over  Salt  River  Valley-,  and  were  carried  away  by 
erosion  after  the  elevation  of  the  plateau.  In  that  case  a  formation 
resting  in  contact  with  the  pre-Cambrian  formations  of  the  valley  can 
scarcely  be  of  Triassic  age.  The  well-known  Triassic  of  Arizona  is 
found  on  the  top  of  the  plateau,  being  thus  elevated  when  the  plateau 
was  raised.  If  the  supposition  is  correct  that  the  low-lying  area 
beyond  the  edge  of  the  plateau,  of  which  Salt  River  Valley  is  a  part, 
is  in  large  measure  due  to  degi^adation  subsequent  to  the  elevation  of 
the  plateau,  any  formation  resting  on  that  degraded  surface  must  be 
later  than  the  period  of  degradation.  The  elevation  of  the  plateau 
began,  so  far  as  known,  at  the  end  of  the  Cretaceous  period.  A  long 
period  of  erosion  must  have  elapsed  subsequent  to  the  elevation  of 
the  plateau  before  the  sandstone  and  breccia  were  laid  down.  For 
these  reasons  the  breccia  is  thought  to  be  not  older  than  late  Tertiary, 
and  may  indeed  be  equivalent  to  the  Gila  conglomerate,  which  (xilbert 
regards  as  early  Quaternary.     Beyond  the  suggestion  that  the  sand- 

«i Blake,  William  P.,  Some  nalient  features  in  the  geology  of  Arizona  with  evidences  of  shallow  seas 
in  Paleozoic  times:  Am.  Geol.,  March,  1001,  p.  166. 
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stone  and  breccia  may  be  phases  of  a  single  accumulation,  the  age  of 
the  sandstone  must  remain  an  open  question. 

Judging  from  the  character  of  the  breccia  and  its  relation  to  older 
rocks,  there  is  little  doubt  that  it  is  due  to  upland  accumulations. 
The  size  of  some  of  the  granite  blocks — many  of  them  several  feet  in 
diameter — indicates  that  action  was  violent  and  granite  highlands  not 
far  distant  when  the  breccia  was  formed.  In  general  character  the 
breccia  closely  resembles  the  Gila  conglomerate  of  Gilbert.  On  the 
other  hand  it  is  evident  from  the  remnants  left  in  the  vallev  that  this 
breccia  formerly  had  a  wide  areal  distribution  and  that  the  greater 
part  of  it  has  been  carried  away.  All  things  considered  it  seems  pref- 
erable to  refer  the  formations  exposed  at  Tempe  tentatively  to  late 
Tertiary. 

TERTIARY   LAVAS. 

Eruptive  rocks  occur  within  Salt  River  Valley  in  Bell  Butte  (see  PI. 
XIII,  A)^  Tempe  Butte,  and  a  line  of  small  buttes  north  of  Temp(\ 
The  rock  from  Bell  Butte  is  described  by  J.  E.  Spurr  as  follows: 

« 

Butte  southwest  of  Tempe,  Ariz.:  llornblende-pyroxene-andesite,  fine  grained. 
Structure — fine  porphyritic.  Phenocrysts  of  pale-brown  basaltic  hornblende,  altere<l 
along  the  edges  to  calcite  and  iron;  pseudomorphs  of  calcite  and  iron  oxide  after 
pyroxene;  and  turbid  feldspars  which  are  altered  chiefly  to  calcite,  indicating  their 
belonging  to  the  soda-lime  group.  The  groundmass  ia  glassy,  in  part  microlithic, 
and  shows  altered  feldspars,  etc.     This  rock  is  highly  altered. 

In  the  hills  surrounding  the  valley  occur  extensive  masses  of  erup- 
tive rock,  consisting  of  rhyolite,  andesite,  basalt,  volcanic  glass,  pearl- 
ite,  ash,  scoria,  etc.  The  most  extensive  mass  in  the  immediate 
environs  of  the  valley  is  found  in  the  Superstition  Mountains,  east  of 
Salt  River  Valley,  where  rhyolitic  flows  and  beds  of  white  tuff  and 
ash  occur  to  an  aggregate  thickness  of  several  thousand  feet.  The 
igneous  rocks  form  a  nearly  vertical  escarpment  rising  something  over 
5,000  feet  above  the  valley  floor  (PI.  XIII,  B), 

QUATERNARY  FORM^VTIONS. 

The  greater  part  of  the  area  represented  in  the  accompanying  geo- 
logic map  is  occupied  by  debris  which  is  here  designated  "vallej-  fill." 
It  is  unconsolidated  material,  accumulated  in  the  valleys  and  on  the 
gentler  slopes  of  the  hills.  Since  it  is  in  this  valley  ti\l  that  the  under- 
ground water  occurs,  it  is,  so  far  as  this  report  is  concerned,  the  for- 
mation of  prime  importance  in  the  region.  An  understanding  of  prw- 
esses  of  accumulation  now  in  operation  is  necessary^  for  an  adequate 
understanding  of  certain  features  in  the  structure  of  the  valley  fill. 
For  this  reason  much  that  properly  belongs  in  the  chapter  on  physiog- 
raphy is  given  in  this  connection. 
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VALLEY  FILL. 

At  Mount  McDowell  Salt  River  emerges  from  the  narrow  canyon 
by  which  it  passes  through  the  Suj^erstition  Mountains  and  enters  the 
broad  Ijottom  lands  known  as  Salt  River  Valley.  (Mount  McDowell 
stands  at  the  head  of  what  is  termed  the  ^'valley"  in  this  paper.) 
Some  time  ago  it  was  proposed  to  construct  a  dam  across  the  Verde 
River  near  its  junction  with  Salt  River  at  Mount  McDowell,  and  a 
series  of  borings  was  miule  across  the  canyon  to  ascertain  the  depth 
to  bed  rock.     From  the  records  of  these  borings  a  cross  section  of  the 


Fig.  12. — Cross  section  of  Verde  Valley  near  Mount  McDowell,  Arizona. 

ancient  or  filled  canyon  of  the  Verde  is  constructed  (tig.  V2)^  showing 
that  the  valley  has  been  filled  to  a  depth  of  at  least  90  feet.  This  val- 
ley fill  is  composed  of  waterworn  material,  similar  to  that  found  in 
the  river  bed  and  throughout  the  valley  at  the  present  time.  This 
section  may  l>e  taken  as  illustrative  of  the  general  structure  of  Salt 
River  Valley.  The  valley,  very  much  deeper  in  jmst  ages  than  it  is 
now,  has  been  filled  to  its  present  level  by  fragmentary  material. 


STRUCTURE. 

The  region  known  as  the  Mesa  is  at  the  eastern  extremity  of  the  valley, 
lying  about  25  feet  higher  than  the  bed  of  the  river.  The  bluffs  form- 
ing the  edge  of  the  Mesa  are  composed  of  river  gravels  and  bowlders 
similar  to  those  found  in  the  present  river  bed  (see  PI.  IV,  ^1).  It  is 
evident  that  the  Mesa  gravels  were  deposited  by  Salt  River,  and  that 
because  of  some  subsequent  change  in-the  abrasive  force  of  the  river, 
caused  perhaps  by  a  slight  elevation  of  the  surface,  the  river  has  cut 
into  its  former  deposit  to  a  depth  of  at  least  25  feet  near  Mesa.  IIow 
much  deeper  it  cut  remains  unknown.  The  well  at  the  creamer\'  near 
Tempe,  described  in  the  former  chapter,  seems  to  be  entirely  in  the 
recent  material,  though  this  can  not  ])e  confidently  stated.  This  degra- 
dation occurred  over  a  strip  1  to  2  miles  wide.  The  degraded  area  was 
again  covered  with  debris  forming  the  lowlands  found  along  the  river 
in  the  Mesa  region.     No  deep  wells  have  penetrated  the  more  recent 
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deposits  of  the  lowlands  in  the  Mesa  region  in  localities  suitable  to 
indicate  the  depth  of  these  deposits.  Shallow  wells  dug  to  a  depth  of 
about  50  feet  seem  to  be  wholly  in  the  recent  deposits,  indicating  that 
the  erosion  which  formed  the  Mesa  bluffs  must  have  lowered  the  river 
bed  at  least  60  feet  beneath  its  present  elevation. 

The  two  gravel  terranes  differ  but  slightly.  Their  constituents  are 
the  same,  but  the  younger  accumulations  are  notably  less  cemented. 
Wells  sunk  in  them  are  the  most  productive  wells  in  the  region  because 
of  the  readiness  of  movement  of  their  ground  watei*s.  In  the  Mesa 
region  the  3'Ounger  gravels  are  easily  distinguished  from  the  older 
on  account  of  the  former  being  confined  between  bluffs  of  the  older 
material.  But  at  Tempe  and  throughout  the  Phoenix  region  the 
younger  gravels  cover  the  older  and  their  distribution  can  be  judged 
only  from  the  well  I'ecords.  The  relations  of  the  two  series  of  accumu- 
lations are  shown  in  sections  AB  and  CD  of  PL  XIX,  and  in  the  cross 
section  near  Phoenix  (PI.  XXI). 

MATERIAL. 

The  valle}^  till  is  composed  of  more  or  less  irregular  lenses  of  clay, 
silt,  sand,  gravel,  wash,  and  bowlders.  These  are  arranged  in  a  most 
erratic  manner,  the  character  of  the  beds  changing  rapidl}'  both  ver- 
tically and  horizontalh',  as  indicated  b3'^  the  well  records. 

This  material  may  be  divided  for  convenience  of  description  into 
(1)  river  debris,  (2)  sheet  wash,  and  (3)  chemical  precipitate. 

RIVER   DEBRIS. 

In  the  present  river  bed  are  found  bowlders  and  gravel  of  qUartzite, 
quartz,  chert,  granite,  gneiss,  and  various  kinds  of  eruptive  rock. 
The  quartzose  materials  greatly  predominate,  owing,  no  doubt,  to  their 
enduring  character.  Bowlders  occur  with  a  maximum  diameter  of 
about  2  feet.  A  comparison  of  the  material  found  in  the  river  bed  at 
the  present  time  with  the  older  material  found  in  the  exposed  bluffs 
along  the  river  and  in  the  numerous  wells  throughout  the  valley  indi- 
cates that  for  the  most  part  the  valley  fill  was  derived  from  the  same 
sources  from  which  the  present  river  gravels  are  derived,  namely,  the 
formations  along  the  upper  reaches  of  Salt  River. 

SHKprr  WASH. 

The  term  wash  is  used  in  this  region  with  at  least  four  meanings, 
more.or  less  separate  and  distinct: 

(1)  The  stream  courses  occupied  by  water  only  in  times  of  heavy 
rainfall,  called  arroyos  in  other  parts  of  the  West,  are  hei'e  called 
washes. 

(2)  Many  of  the  dry  stream  courses  having  their  origin  in  the 
mountains  are  well  defined  for  a  greater  or  less  distance  after  emer- 
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ging  from  the  mountains,  but  finally  disappear  on  the  plain,  leaving 
no  trace  of  a  definite  course.  During  times  of  flood  the  waters  spread 
in  a  broad,  thin  sheet  over  the  plain.  The  largest  floods  gradually  find 
their  way  to  the  rivers,  not  by  way  of  channels,  for  there  are  none, 
but  by  a  broad  wash  over  the  even  surface  of  the  gently  sloping  plain. 
In  most  cases,  however,  the  waters  never  reach  the  river,  but  are 
absorbed  by  the  sands  and  gravels  of  the  valle}^  floor  and  disappear 
completely  from  the  surface.  The  broad  sheet  of  water  thus  sweeping 
over  the  surface  is  called  a  sheet  wash. 

(3)  The  material  brought  from  the  hills  by  the  streams,  many  of 
them  of  considerable  size— as,  for  example,  Queen  Creek  and  Cave 
Creek — is  deposited  as  a  broad  fan,  so  broad  and  low,  in  fact,  that  it 
is  scarcely  separable  from  the  general  valley  floor.  Queen  Creek  has 
a  well-defined  course  for  about  50  miles,  and  Cave  Creek  one  some- 
what longer.  During  floods  a  large  amount  of  debris  is  deposited 
along  these  stream  courses  and  is  locally  known  as  wash.  The  mate- 
rial in  which  wells  have  been  sunk  is  sometimes  described  as  ^^  Queen 
wash"  or  '^Cave  wash,"  etc. 

(4)  A  fourth  meaning  of  the  term  is  closely  allied  with  the  third, 
and  yet  distinct  enough  to  demand  separate  mention.  The  sudden 
heavv  showers  so  characteristic  of  Arizona  are  too  well  known  to 
require  explanation.  If  a  so-called  cloud-burst  occurs  in  the  hills  near 
the  edge  of  the  valley  the  small  stream  courses,  flooded  to  overflowing, 
discharge  their  debris-charged  waters  upon  the  gentler  slope  of  the 
valley  floor,  where  all  definite  stream  courses  disappear.  Should  a 
channel  by  chance  become  established,  the  checked  velocit}'^  of  the 
water  on  the  gentler  slopes  of  the  valley  floor  soon  causes  it  to  become 
choked  and  to  be  deflected  and  join  that  of  the  neighboring  streams. 
The  result  is  that  flood  waters  from  the  hills  move  more  or  less  in  a 
sheet  over  the  valley  floor  until  they  disappear  beneath  the  surface. 
The  loose  material  from  the  hillsides  is  thus  brought  to  the  valley  and 
distributed  somewhat  evenly  over  the  surface.  Cloud-bursts  which 
take  place  over  the  valley  produce  the  sheet  floods  on  a  smaller  scale. 
The  material  thus  brought  from  the  hills  and  distributed  over  the 
valley  is  called  also  sheet  wash. 

The  term  wash,  therefore,  applies  (1)  to  a  dry  stream  course, 
(2)  to  water  moving  in  the  form  of  a  thin  sheet  over  the  plain,  (3) 
to  the  material  deposited  bj'  an  intermittent  stream  near  the  base 
of  the  mountains  in  the  form  of  a  fan  or  dry  delta,  and  (4)  to  the 
accumulations  of  detrital  material  working  slowly  from  the  hillsides, 
as  a  more  or  less  evenlv  distributed  sheet. 

It  is  not  diflScult  to  understand  how  the  washes  can  cause  large 
quantities  of  debris  to  accumulate  near  the  hills.  But  in  the  midst  of 
the  plain,  miles  from  the  hills,  the  sheet  flood,  as  a  geologic  agent, 
might  seem  so  unimportant  as  to  be  negligible.     The  heavy  showers 
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occur  but  seldom  and  affect  a  very  limited  area  at  any  one  time.  It  is 
probable  that  scores  of  years  may  intervene  between  two  showers 
sufficiently  heavy  to  produce  sheet  floods  at  an}'  given  point,  and  yet 
the  writer  is  of  the  opinion  that  the  sheet  flood  is  a  factor  which  can 
not  be  neglected  in  the  adequate  explanation  either  of  the  valley  till 
or  of  the  underground  water  contained  in  this  fill. 

As  the  arkose  works  its  way  down  the  mountain  slopes  and  spreads 
over  the  surface  of  the  plain,  the  coarse  material  naturally  accumulates 
near  the  foot  of  the  parent  mountain,  while  the  finer  material  is  car- 
ried farther  out.  The  sorting,  however,  is  not  carried  on  to  anj-thing 
like  the  extent  observed  in  the  case  of  regular  streams.  In  many 
cases,  indeed,  the  floods  are  so  tumultuous  that  coai-se  and  fine  materials 
alike  are  carried  forward  and  piled  in  confusion.  In  the  less  violent 
floods  the  coarse  material  accumulates  near  the  hills.  This  fact  is  of 
the  utmost  importance  in  furnishing  an  explanation  of  certain  phe- 
nomena connected  with  the  underground  waters  of  the  valley. 

The  sheet  wash  is  apt  to  differ  from  the  stream-carried  debris  in 
bearing  less  evidence  of  the  recognized  action  of  running  water.  The 
water  wear  and  sorting  are  at  a  minimum.  When  there  is  water 
enough  to  move  any  of  the  material  of  the  wash,  there  is  likely  to  be 
enough  to  move  coarse  and  fine  alike.  The  result  is  an  accumulation 
of  silt,  cla}^  sand,  and  gravel  commingled  in  every  conceivable  propor- 
tion. The  gravels  are  usually  angular,  although  some  are  slightly 
water  worn.  Near  the  granite  hills  the  wash  is  composed  of  the  coarse, 
angular  products  of  the  partial  decomposition  of  the  granite,  pre- 
viously described.  When  the  feldspars  are  decomposed  to  such  an 
extent  that  they  do  not  easily  retain  their  original  form,  the  material 
is  locally  known  as  "  talc"  or  "soapstone"  (not  to  be  confused  with 
true  talc  and  soapstone). 

At  Desert  well  the  wash  covering  the  surface  is  at  least  180  feet 
thick,  and  no  other  material  except  a  few  feet  of  sand  is  found  through- 
out that  thickness.  The  348-foot  well  of  the  Valle}^  Seedless  (xrape 
Company,  near  the  eastern  end  of  the  Salt  River  Mountains,  is  in 
granitic  wash  throughout  most  of  its  depth  and  at  the  bottom  p)ene- 
trates  solid  granite.  In  many  places  the  wash  from  the  hills  gives 
character  to  the  topography  over  wide  areas.  Southwest  of  the  Super- 
stition Mountains  the  surfac^e  of  the  desert  over  an  area  of  something 
like  300  s(|uare  miles  is  composed  of  wash  from  these  mountains.  The 
small  stream  courses  from  the  mountains  soon  disappear  in  a  regularly 
inclined  desert  surface  w  hich  is  practically  wanting  in  even  the  smallest 
stream  courses. 

Queen  Creek,  which  may  be  taken  as  a  type  of  the  streams  that 
enter  the  valley  from  the  neighboring  mountains  and  disappear  on 
the  valle}^  floor,  illustrates  the  manner  of  accumulation  of  wash.  It 
has  a  drainage  area  of  about  143  square  miles  in  the  mountainous 
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district  northeast  of  Florence,  and  its  course  is  traceable  in  a  dis- 
tinct channel  for  a  distance  of  over  40  miles,  but  on  entering  the 
valley  the  waters  soon  sink  from  view  into  the  sands  and  gravels 
of  the  floor,  leaving  the  bed  dry  except  in  times  of  flood.  A  few  miles 
below  the  dam  site  at  Whitlow's  ranch  the  creek  emerges  from  the 
hills  upon  the  sloping  plain  of  the  valley,  and  thence  to  the  end  of  its 
course  follows  no  well-defined  depression  or  valley.  From  Whitlow's 
ranch  to  the  end  of  the  course  near  Andrada  well  the  creek  bed  has 
a  fall  of  about  665  feet,  making  an  average  gradient  of  28  feet  to  the 
mile,  which  above  the  ranch  is  still  higher.  With  such  a  gradient 
it  is  evident  that  during  times  of  flood  great  quantities  of  debris 
must  be  swept  from  the  hills.  The  floods  are  in  part  checked  as 
they  enter  the  plain  and  in  part  lost  by  sinking  into  the  gravels, 
and  the  debris  is  deposited,  building  up  the  course  of  the  stream. 
The  result  is  that  numerous  channels  occur  side  by  side,  more  or  less 
connected  b}'  crosscuts  forming  a  network  of  interlacing  courses.  A 
second  result  is  that  along  the  lower  reaches  of  its  course.  Queen 
Creek  has  built  up  a  fan  or  dry  delta  above  the  surface  of  the  sur- 
rounding plain.  A  similar  fan  has  been  built  by  Cave  Creek,  the 
lower  reaches  of  which  are  within  the  area  covered  by  the  detailed 
topographic  map  of  Salt  River  Valley.  The  deflection  of  the  contours 
south  of  Cave  Creek,  as  shown  on  this  map,  is  due  to  the  general 
elevation  of  the  land  surface  in  that  region  caused  by  the  Cave  Creek 
fan.  North  of  Sacaton  Mountains  Queen  Creek  branches  into  numer- 
ous forks  or  distributaries  and  is  eventuall}^  lost  in  the  general  surface 
of  the  plain.  From  this  point  to  the  Gila  River,  a  distance  of  about 
15  miles,  there  is  no  stream  channel.  Floods  large  enough  and  lasting 
enough  to  reach  the  Gila  pass  over  this  last  16  miles  as  sheet  washes. 
These  washes  are  said  to  vary  from  a  few  inches  to  2  feet  in  depth  and 
the  water  is  so  loaded  with  silt  and  floating  vegetation  that  it  works 
it«  wa}'  slowly  over  the  plain  without  excavating  channels  even  where 
the  slope  is  comparatively  steep. 

It  is  seldom,  however,  that  floods  occur  of  sufficient  size  and  dura- 
tion to  reach  the  Gila,  being  more  often  lost  in  the  valley  fill  long 
before  reaching  that  river.  The  amount  of  water  which  thus  sinks 
beneath  the  surface,  together  with  the  intermittent  character  of  the 
flow,  is  well  shown  in  the  accompanying  table  and  diagram  (fig.  13)  taken 
from  the  paper  on  Irrigation  near  Phoenix,  Ariz.,  by  A.  P.  Davis." 

«  Davia,  A.  P.,  Irrigation  near  Phoenix,  Ariz.:  Water-Sup.  and  Irr.  Paper  No.  2,  U.  8.  Geol.  Survey, 
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Estimated  monthly  discharge  of  Queen  Creek,  Whitlow'' s  ranchf  Arizona,  in  1896. 

[DraiDa^e  area,  143  square  miles.] 


Month. 
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July 

August 
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October . . . 
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December - 
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« 

pap  1 

— 

— 

1 

1 

i 

1 

lL 
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Fig.  13.— Daily  discharge  of  Queen  Creek. 

Robert  Bowen,  who  owns  a  ranch  about  6  miles  east  of  Harrington 
well,  on  Queen  Creek,  pointed  out  to  me  certain  fields  which  were 
flooded  a  few  months  previous  to  my  visit.  There  are  6  channels  at 
this  point,  varying  from  a  few  feet  to  about  100  feet  in  width.  In 
order  to  flood  the  fields  in  question  the  water  in  these  channels  must 
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have  had  a  depth  of  at  least  5  feet.  Mr.  Bowen  states  that  at  the 
Harrington  ranch,  (5  miles  downstream,  there  was  not  enough  water 
to  fill  certain  irrigation  ditches  which  had  been  prepared  for  the 
diversion  of  flood  waters.  Here  then  is  a  specific  case  of  a  flood  of 
somewhat  notable  volume  that  sank  into  the  sands  and  gravels  of  the 
vallev  fill  within  a  distance  of  about  6  miles. 

CHEMICAL  PRBCIPITATBfl. 

Caliche. — In  nearly  every  well  of  the  valley  a  substance  is  encount- 
ered, in  greater  or  less  quantity,  which  is  commonly  known  as  cement 
or  hardpan.  This  material  is  also  known,  though  less  generally,  as 
caliche,  and  has  been  described  by  Prof.  W.  P.  Blake,  ^  of  the  Uni- 
versity of  Arizona,  who  says: 

In  southern  Arizona  and  in  Mexico  the  word  caliche  is  in  general  use  to  denote  a 
calcareous  formation  of  considerable  thickness  and  volume  found  a  few  inches,  or 
a  few  feet,  beneath  the  surface  soil,  upon  the  broad,  dry,  gravelly  plains  and 
mesas.    *    *    « 

Caliche  has  a  wide  distribution  in  the  regions  of  Arizona  and  Mexico.  It  is  usually 
hidden  from  view^  by  a  slight  covering  of  soil,  but  it  is  easily  found  by  digging,  and 
is  often  revealed  by  a  flow  of  water  during  heavy  rains.  It  is  practically  a  continue 
ous  sheet,  from  3  to  15  feet  thick,  of  earthy  limestone  or  travertine,  through  which 
the  smaller  plant  roots  find  their  way  with  difficulty.    ♦    *    * 

The  top  of  the  caliche  is  more  dense  and  solid  than  the  lower  portions.  The  sur- 
face of  this  crust,  or  layer,  is  comparatively  smooth,  though  undulating,  while  the 
lower  portions,  under  the  crust,  are  irregular,  cavernous,  earthy,  and  very  porous, 
blending  gradually  with  the  materials  of  the  sandy  and  gravelly  beds,  from  which 
they  are  divided  by  no  sharply  defineil  plane  of  stratification  or  separation.  The 
caliche  invests,  surrounds,  and  includes  sand  grains,  gravels,  and  more  or  less  earthy 
material,  but  seems  to  have  ha<l  the  power,  especially  in  its  upper  crust,  of  extrud- 
ing the  coarse  materials  of  the  soil  to  a  great  extent. 

The  deposit  does  not  fortn  a  regular  horizontal  bed  conformable  with  the  rude 
stratification  of  the  gravels  and  sands,  but  conforms  roughly  with  the  general  surface, 
rising  and  falling  with  the  undulations  of  the  mesa.  There  are,  in  places,  repetitions 
of  the  compact  layers,  separated  by  a  few  inches  of  the  amorphous  and  more  earthy 
deposit.     *    *    * 

Close  observation  detects,  in  some  places,  small  perforations,  like  pin  holes,  at  the 
top,  which  enlarge  gradually  below  and  penetrate  the  entire  compact  crust,  becom- 
ing lost  in  the  irregular  amorphous  granular  roat^s.     *    *    * 

The  caliche  is  an  example  of  deix)sition  indet>endent  of  the  influence  of  organic 
agencies.    *    *    * 

In  chemical  composition  the  caliche  is  essentially  a  lime  carbonate,  but  contains 
some  calcium,  magnesium,  and  aluminum  silicates,  as  more  fully  shown  by  the  result 
of  an  analysis  made  by  my  assistant,  Mr.  J.  S.  Mann,  in  the  laboratory  of  the  Arizona 
School  of  Mines: 

a  Blake,  William  P.,  The  caliche  of  southern  Arizona:  Trau».  Am.  Inst.  Min.  Eng.,  vol.  31, 1901.  p.  220. 
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AncUysis  of  Arizona  caliche. 

Calcium  carbonate  (CaCOj) 72.28 

Magneeium  carbonate  (MgCOj) 2. 13 

Calcium  silicate  (CaSiOg)  ..'. 5.  57 

Aluminum  silicate  ( AlSiOs) 7.  37 

Ferricoxide  (Fe-A) 1- ^ 

Moisture  (H,0) 1.20 

Total 1 96.43 

This  caliche,  unlike  the  deposits  of  travertine  formed  in  the  open  air,  is  not  suf- 
ficiently compact  and  solid  to  be  useful  in  construction,  as  was  the  travertine  <»f 
ancient  Rome.  When  calcined  it  yields  good  caustic  lime,  which,  tempered  with 
sand,  makes  a  strong,  quick -setting  mortar  or  cement.  It  is  quarried  and  used  for 
this  purpose  in  some  places.  Occurring  as  it  does  in  mixture  with  gravel  and  saad, 
it  has  the  appearance  of  an  artificial  mixture.    *    *    * 

After  describing  local  conditions  and  giving  the  analyses  of  water 
from  7  wells  near  Tucson,  which  indicate  that  the  underground  waters 
contain  the  principal  elements  found  in  caliche,  Professor  Blake  adds: 

There  has  been  much  speculation  in  regard  to  the  origin  of  the  caliche.  It  has 
been  generally  assumed  to  be  a  deposition  from  some  ancient  lake,  or  body  of  water. 
once  covering  the  area  in  which  it  is  found.  But  such  a  theory  is  untenable  when 
all  the  phenomena  are  considered.  The  formation  is  clearly  the  result  of  the  upward 
capillary  flow  of  calcareous  water,  induced  by  constant  and  rapid  evaporation  at  the 
surface  in  a  comparatively  rainless  region. 

With  a  constant  supply  of  phreatic  calcareous  water,  the  second  great  essential 
fac^tor  in  the  formation  of  caliche  is  the  continued  desiccating  atmosphere — a  coiwli- 
tion  which  prevails,  w'ith  only  short  and  temporary  exceptions,  through  the  year. 
The  desert  and  semidesert  regions  of  Arizona  are  characterized  meteorologically  by 
the  unusual  dryness  of  the  air  and  its  capacity  for  the  absorption  of  moisture  and  by 
the  maintenance  of  continued  evaporation  from  the  soil,  which  determines  a  constant 
upward  movement  of  the  phreatic  water.  The  occassional  rains  in  midsummer  and 
midwinter  do  not  penetrate  to  great  depths,  but  are  sufficient  to  leach  out  the  soil  to 
the  depth  of  a  few  inches  or  feet,  turning  the  calcareous  solution  back  and  down- 
ward and  producing  the  denser  upper  crust,  where  it  meets  the  upward  flow. 

Such  I  conceive  to  be  the  origin  of  the  caliche.  It  may  be  called  a  subterranean 
deposit  of  travertine;  but  it  is  not  the  result  of  a  flow  from  springs  or  from  any 
source  at  the  surface,  or  from  the  lateral  movement  of  water.  Unlike  ordinary 
travertine,  it  is  the  result  not  of  descending  but  of  ascending  currents.  The  ordi- 
nary conditions  of  vadose  circulation  are  reversed.  The  caliche  is  a  fine  example 
of  the  formation  of  extensive  calcareous  strata  in  the  midst  of  preexistent  beds,  not 
by  metai?omatic  processes,  but  by  precipitaton  from  sources  l)elow. 

To  Profes.sor  Blake's  description  I  would  add  that  caliche  occurs  in 
varying  degrees  of  purity  and  that  any  consolidated  layer  is  locally 
known  as  cement.  When  caliche  is  not  mixed  with  a  considerable 
amount  of  foreign  material  it  may  become  very  compact,  resembling 
a  fine-grained  limestone,  and  sometimes  causes  much  difficulty  in 
sinking  wells  through  it.  Several  cases  are  on  record  where  wells 
were  abandoned  because  the  casing  caught  on  a  cement  layer  and  could 
be  forced  no  farther. 
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A  sand  or  gravel  bed  cemented  with  this  material  often  becomes 
impervious  to  water.  The  confining  strata  above  the  water  in  nearly 
all  the  wells  of  Salt  River  Valley,  where  water  is  found  under  pres- 
sure, contain  more  or  less  caliche  in  the  form  of  a  cementing  material. 

It  will  be  noted  that  according  to  Professor  Blake^s  interpretation 
the  caliche  is  due  to  the  deposition  of  compounds  gathered  from  some 
outside  source  and  brought  in  solution,  through  underground  pas- 
sages, to  the  region  where  they  are  deposited  through  the  agency  of 
surface  evaporation.  Applying  this  explanation  to  the  origin  of  the 
caliche  layers  in  the  valley  fill  of  Salt  River  Valley,  it  is  evident  from 
the  analyses  of  waters  already  given  and  from  the  rocks  previously 
described,  which  furnish  by  their  dec^omposition  the  elements  brought 
into  the  valley  b}'^  the  waters,  that  all  elements  necessary  for  the  for- 
mation of  caliche  are  present.  The  prev^alence  of  caliche  at  or  near 
the  surface  strengthens  the  postulate  that  the  surface  is  its  natural 
place  of  formation.  Since  the  valley  fill,  as  explained  elsewhere,  is 
due  to  the  gradual  filling  of  the  valley  by  debris  shed  from  the  hills, 
each  horizon  throughout  its  depth  has  at  some  former  time  been  the 
surface.     Hence  the  presence  of  caliche  bands  at  all  horizons. 

It  should  be  noted,  however,  that  bicarbonates  are  present  in 
nearly  all  the  waters  of  the  valley.  A  relief  of  pressure  alone  is  suf- 
ficient under  certain  conditions  for  the  escape  of  carbon  dioxide, 
which  causes  the  bicarbonates  to  change  to  the  comparatively  insol- 
uble carbonates,  which  are  then  readily  deposited.  It  is  entirely  pos- 
sible, therefore,  that  the  deposition  of  caliche  may  take  place  at  some 
depth  beneath  the  surface,  in  fact  at  any  depth  where  the  pressure 
upon  water  containing  bicarbonates  in  solution  is  sufficiently  relieved 
and  opportunity  given  for  the  escape  of  the  gas. 

The  postulate  that  caliche  is  in  some  cases  at  least  deposited  without 
the  influence  of  surface  evaporation,  is  strengthened  by  the  observa- 
tion of  uneven  porous  structures  on  the  under  side  of  caliche  layers. 
This  strongly  suggests  the  deposition  of  caliche  beneath,  after  the 
impervious  layer  had  been  formed.  A  lowering  of  the  water  table 
during  drj^  cycles,  such  as  are  known  to  occur,  would  naturally  leave 
beneath  a  caliche  layer  which  had  been  formed  near  the  surface  a 
space  occupied  by  loose  gravels,  no  longer  filled  with  water  as  before. 
The  caliche  layer  would  prevent  any  great  amount  of  evaporation,  but 
probably  would  not  prevent  relief  of  pressure  upon  the  water  in  the 
gravels  beneath.  A  relief  of  pressure  might  cause  a  loss  of  carbon 
dioxide  and  result  in  deposition  of  the  insoluble  carbonates. 

A  case  in  hand  is  found  at  the  Murphy-McQueen  pumping  plant 
(see  p.  12).  Beneath  the  13  feet  of  soil  at  the  surface  coarse  gravels 
and  bowlders  occur  to  a  depth  of  34  feet.  The  material  in  the  upper 
13  feet  is  free  from  any  notable  amount  of  caliche,  while  the  loose 
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gravels  and  bowlders  are  more  or  less  cemented.  The  bowlders  are 
encased  somewhat  uniformly  in  a  white  crust  of  caliche,  often  thick 
enough  to  unite  them  into  resistant  masses;  the  cementing  is  irregu- 
lar, however,  uncemented  portions  being  found  throughout  the  mass. 
Accepting  the  postulate  of  surface  formation  of  caliche  throug-h 
the  agency  of  evajwiution,  the  soil  above  should  be  cemented.  Thii* 
is  not  the  case.  On  the  other  hand,  accepting  the  postulate  of  deposi- 
tion of  this  caliche  at  some  former  time  when  the  bowlders  were  at  the 
surface,  it  is  inconceivable  that  the  caliche  should  be  as  irregularly 
distributed  as  it  is.  It  is  known  that  there  has  been  a  lowering  of  12 
feet  in  the  underground  water  at  this  place  in  the  last  four  years. 
There  is  every  reason  for  believing  that  at  some  time  the  underground 
waters  filled  the  gravels  up  to  the  bottom  of  the  soil  layer,  and  that  a 
subsequent  fall  of  these  waters  from  the  soil  layer  left  a  bed  of  loose 
gravel  above  the  surface  of  the  underground  waters  where  these  waters 
were  not  onlj^  under  no  pressure  but  were  lifted  to  some  extent  among 
the  loose  gravels  by  capillar^'  action,  where  they  would  naturally 
deposit  their  contained  minei-als  on  the  surface  of  the  gravels.  Cj'clic 
oscillations  of  the  underground  water  would  distribute  this  action 
through  a  considerable  depth. 

On  the  other  hand,  caliche  is  present  on  the  hillsides  far  above  the 
reach  of  any  permanent  supply  of  underground  water.  It  is  found 
generally  along  the  slopes  of  the  hills  and  over  dry  plains  such  as  that 
in  the  vicinity  of  Desert  well,  where  no  underground  water  is  found 
within  hundreds  of  feet  of  the  surface.  (Water  is  found  at  a  depth  of 
212  feet  at  Desert  well  and  284  feet  in-  the  Kleinman  well.)  Caliche 
found  at  the  surface  of  this  dry  plain  and  on  the  barren  hillsides  can 
scarcely  be  due  to  the  evaporation  of  water  which  can  in  any  sense  be 
called  an  underground  suppl}^  as  postulated  by  Professor  Blake. 

A  somewhat  different  view  is  held  by  Prof.  R.  H.  Forbes,  director 
and  chemist  of  the  agricultural  experiment  station  of  Arizona,  who 
has  given  the  subject  considerable  study  from  a  chemical  standpoint. 
At  the  writer's  request  he  has  furnished  the  following  statement  of  his 
opinion: 

My  view  of  the  formation  of  caliche  iH  that  in  this  region  of  scanty  rainfall,  which 
penetrates  the  ground  from  a  few  inches  to  a  maximum  of  a  very  few  feet — say  3  or 
4 — the  rain  water,  containing  a  small  amount  of  carbon  dioxide,  percolating  from  the 
surface  to  this  maximum  depth  of,  say,  3  feet,  dissolves  small  portions  of  calcium  and 
magnesium  bicarbonates  in  the  form  of  normal  carbonates,  leaving  in  course  of  time 
a  layer  of  limy  hardpan  at  the  depths  to  whicrh  it  penetrates.  The  large  amount  of 
siliceous  material  found  in  caliche  layers  indicates  also  that  colloidal  clayey  materials 
are  carried  down  mechanically  by  i)ercolating  rainfall,  the  result  being  the  mixture 
of  siliceous  calcareous  materials,  together  with  portions  of  original  soil  in  situ,  which 
are  found  to  constitute  nearly  all  of  our  caliche  layers.  The  different  layers  found 
at  different  depths  below  the  surface  mark  the  various  levels  which  for  geologic 
reasons  remained  constant  for  a  long  enough  period  of  time  to  permit  the  formation 
of  a  layer  of  caliche  just  below  the  surface  of  that  time.     I  have  noticed  also  that 
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igneous  rocks  at  the  base  of  hills  containing  calcareous  materials  are  often  coated  with 
a  thin  layer  of  calcareous  materials,  evidently  carrie<l  in  solution  in  carbonated  waters 
from  higher  levels  and  deposited  upon  these  rocks,  over  which  this  drainage  perco- 
lated, through  the  agency  of  evaporation,  aeration,  or  heat. 

It  should  be  noted  that  while  the  two  h^^potheses  attribute  the  origin 
of  caliche  to  the  deposit  by  evaporation  of  salts  held  in  solution,  they 
differ  in  this:  Blake's  postulate  assumes  a  more  or  less  definite  under- 
ground flow  bringing  the  materials  from  a  distance,  while  Forbe^s's 
postulate  assumes  that  the  materials  are  taken  into  solution  at  the  sur- 
face through  the  agency  of  carbonated  rain  water,  held  in  solution  but 
a  short  time  near  the  surface,  and  deposited  by  evaporation  at  no  great 
distance  from  the  place  of  their  origin.  Each  postulate  seems  satis- 
factory in  certain  cases  and  unsatisfactory^  in  other  cases.  It  seems 
probable  that  many  of  the  caliche  layers  of  Salt  River  Valley  have 
been  formed  from  the  carbonates  and  other  salts  held  in  solution  in 
the  underground  flow,  as  postulated  by  Blake.  It  seems  equally  evi- 
dent that  the  caliche  of  the  hillsideis  and  the  dry  plains  has  been  formed 
in  some  such  manner  as  that  described  bv  Forbes. 

There  are  still  other  cases  where  deposition  of  caliche  evidently 
takes  place  in  subterranean  cavities  where  evaporation  can  have  little 
influence,  either  because  of  relief  of  pressure,  as  previously  suggested, 
or  from  some  other  cause  not  yet  recognized. 

Salts. — In  addition  to  the  caliche  considerable  quantities  of  the 
various  salts  found  in  solution  in  all  of  the  waters  of  the  valley  have 
been  deposited  in  the  valley  fill.  While  they  are  quantitatively  unim- 
portant from  a  geologic  standpoint,  they  are  of  the  greatest  importance 
in  influencing  the  character  of  the  water.  The  principal  salts  are 
sodium  chloride  (common  salt),  calcium  and  magnesium  sulphates 
(hardness),  and  calcium  carbonate  (lime).  The  salts  are  irregularly 
diffused  through  the  materials  composing  the  valley  fill,  and  their 
amount,  kind,  distribution,  etc.,  will  be  described  more  in  detail  in 

connection  with  the  chemical  character  of  the  waters. 

« 

AGE  OF  THE  VALLEY   FILL. 

The  physiographic  relations  of  the  valley  fill  indicate  that  it  is  com- 
paratively young,  but  no  fossil  forms  have  been  found  in  any  of  the 
deposits.  As  already  indicated,  there  are  at  least  two  periods  of  accu- 
mulation represented  at  the  surface.  During  the  accumulation  of  over 
1,300  feet  of  the  detrital  material  it  is  possible  that  there  were  more 
than  two  such  periods.  Good  exposures  are  wanting  in  Salt  River 
Valley,  but  similar  deposits  are  widely  distributed  over  western  Ari- 
zona, and  a  comparison  with  regions  where  the  recent  deposits  are 
better  exposed  seems  to  throw  light  on  the  question  of  age.  A  simi- 
larity in  the  succession  of  events  recorded  indicates  that  certain  sur- 


112        UNDERGROUND   WATERS    OF   SALT   RIVER    VALLEY.       [no.  i:^6. 

face  movements  have  been  somewhat  general  over  a  large  portion  of 
western  Arizona. 

The  Colorado  River  probably  furnishes  the  best  index  available  to 
the  general  surface  movements  of  the  Southwest.  In  an  examination 
of  northwestern  Arizona,  described  elsewhere,  the  author  noted  at 
numerous  points  a  series  of  tilted  and  partly  consolidated  conglomerates 
and  breccias,  overlain  by  more  recent  and  unconsolidated  sands  and 
gravels,  which  were  in  turn  dissected  and  overlain  by  a  third  series 
now  accumulating  to  form  the  present  lowlands  along  the  Colorado 
River.  The  older  series  is  extensive  both  In  thickness  and  areal  dis- 
tribution. Its  original  thickness  must  have  been  at  least  2,500  feet, 
remnants  being  now  found  2,300  feet  above  the  river,  and  it  extends 
downward  to  some  unknown  depth  beneath  its  bed.  The  next  younger 
deposits  are  less  extensive,  and  the  youngest  form  the  present  flood 
plain. 

The  succession  of  events  recorded  in  these  deposits  as  well  as  in  those 
of  Salt  River  Valley  and  elsewhere  is  indicated  in  fig.  14.  The  original 
valley  (A)  was  filled  with  the  oldest  debris  (B),  and  this  in  turn  was 
eroded  (C)  and  again  filled  with  the  second  accumulation  (D).  A  third 
stage  of  erosion  excavated  the  present  valley  (E),  and  the  deposits 
now  accumulating  are  represented  in  stage  F. 

A  similar  succession  of  events  has  been  noted  at  several  points  in 
Arizona,  notably  along  San  Pedro,  Santa  Cruz,  and  upper  Gila  rivei's, 
and  in  Tonto  basin,  as  well  as  in  a  number  of  places  in  northwestern 
Arizona.  Near  Benson,  in  San  Pedro  Valley,  wells  have  penetrateil 
the  valley  fill  to  a  depth  of  about  800  feet  without  reaching  ted  rock. 

In  the  Tonto  basin  upland  deposits  of  at  least  two  periods  of  accu- 
mulation are  exposed.  The  older  is  a  coarse  breccia,  moderately  well 
consolidated  and  more  or  less  tilted  in  places  (PI.  XIV,  B).  This 
breccia  rests  upon  the  eroded  surface  of  the  older  formations  and  is 
deeply  dissected  in  places.  Against  this  tilted  breccia  rest  nearly  hori- 
zontal beds  of  more  recent  sediments,  which  are  in  turn  dissected,  large 
portions  of  them  having  been  carried  away  by  the  more  recent  action 
of  the  river  (PI.  XIV,  ^1).  Nothing  was  found  to  indicate  the  geologic 
age  of  either  deposit,  but  the  older  is  regarded  as  probably  represent- 
ing the  base  of  the  Quaternary. « 

There  have  been,  then,  since  the  original  formation  of  Tonto  basin 
at  least  5  separate  stages:  (1)  The  period  of  erosion,  which,  in  part 
at  least,  formed  the  basin,  corrcvsponding  with  stage  A  of  fig.  14; 
(2)  a  period  of  accumulation,  during  which  the  brec^^ia  just  described 
was  deposited,  this  period  corresponding  to  stage  B;  (3)  a  period  of 

aOilbcTt,  G.  K.,  RoiK)rt  on  the  geoloKy  of  portioiiH  of  New  Mexico  and  Arizona:  U.  S.  Q«og.  Surv. 
W.  100th  Mer..  vol.  3,  1K75,  p.  540. 

Kaiisome,  F.  L.,  Geology  of  the  Globe  t-opper  district,  Ariaona:  Prof.  Paper  V.  S.  Geol.  Survey  No. 
12,  1903,  p.  57. 
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erosion,  probably  inaugurated  by  uplift  and  tilting,  in  which  the  brec- 
cia was  dissected,  this  period  corresponding  to  stage  C;  (4)  a  period 
of  accumulation,  in  which  the  younger  sediments  of  the  basin  were 
deposited  on  or  against  the  dissected  breccia — stage  D;  (5)  a  period 
of  erosion,  the  present  stage  of  the  river,  during  which  the  present 
valley  has  been  excavated — stage  E. 

Since  the  same  succession  of  events  is  shown  to  the  west  of  Salt 
River  Valley  along  the  Colorado,  to  the  east  in  Tonto  basin,  to  the 
southeast  in  San  Pedro  Valley,  etc.,  it  is  possible  that  the  various 
stages  are  due  to  far  reaching  causes  affecting  Salt  River  Valle\'  in 
common  with  the  other  localities  named. 

The  older  mesa  gravels  of  Salt  River  Valley  may  represent  stage  B, 
while  the  younger  gravels  represent  stage  D  and  the  present  river 
channel,  stage  E.  There  are  no  accumulations  in  Salt  River  Valley, 
except  the  gravels  of  the  broad  bed  of  the  river,  which  can  be  com- 
pared to  the  accumulation  of  stage  F.  The  similar  succession  of 
events  in  widely  separated  localities  is  suggestive  of  common  causes, 
but  no  definite  correlation  is  possible  at  the  present  time.  This  much, 
however,  can  be  stated  with  reasonable  confidence — the  valley  fill  is 
not  the  result  of  continuous  aggradation.  Periods  of  erosion  have 
alternated  with  periods  of  accumulation. 

It  is  worthy  of  note  that  in  the  three  deepest  wells  of  the  valley — 
the  Murphy -McQueen  well,  1,305  feet;  the  Chandler  well,  705  feet; 
and  the  Thomas  Murphy  well,  865  feet — a  considemble  thickness  of 
clay  or  other  fine  material  occurs  beneath  the  coarse  detritus.  In  the 
Murphy-McQueen  well  this  material  is  described  as  *' chalk  rock"'  and 
''talc."  The  writer  has  seen  a  small  portion  of  the  material  taken 
from  the  1,305- foot  level.  It  consisted  of  clay  containing  a  few  quartz 
pebbles.  The  clay  from  the  bottom  of  the  Thomas  Murphy  well  is 
very  plastic  and  contains  no  fragments  of  foreign  material.  The  clay 
apparently  lies  underneath  the  breccia.  Little  more  is  known  of  the 
lower  horizons  of  the  valley  fill.  The  material  of  the  upper  horizons, 
so  far  as  known,  is  evidently  due  to  upland  accumulation.  For  this 
reason,  and  because  of  the  want  of  definite  information  concerning  the 
lower  horizons,  the  whole  thickneas  of  the  valley'  fill  has  been  assumed 
to  originate  in  the  same  vfny.  What  little  is  known  of  the  lower 
horizons  suggests  the  possibility  of  lacustrine  origin.  The  occurrence 
of  the  clay  underneath  the  breccia  near  Phoenix  suggests  that  the  clay 
beds  encountered  in  the  Mesa  region  may  be  notably  older  than  the 
detrital  material  above.  In  that  case  the  lower  part  of  the  valley  fill 
may  be  of  Tertiary  age,  and  a  thickness  of  only  a  few  hundred  feet  at 
the  top  may  belong  to  the  Quaternary. 
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SURFACE  MOVEMENTS. 

There  is  abundant  evidence  that  changes  in  stirface  elevation  have 
taken  place  in  and  about  Salt  River  Valley  in  comparatively  recent 
times. 

(1)  The  immense  deposits  of  upland  accumulation  in  this  region  are 
best  explained  as  due  to  subsidence  of  the  surface.  The  general 
occurrence  of  upland  accumulations  of  debris  throughout  western 
Arizona  and  southern  California  suggests  that  the  same  cause  affected 
wide  areas.  It  is  probable  that  these  accumulations  are  in  part  due 
to  desiccation  of.  the  climate.  There  is  abundant  evidence  that  in 
former  ages  streams  of  considerable  size  occupied  valleys  which  are 
now  dry.  However  much  desiccation  of  the  climate  may  have  caused 
a  diminution  of  streams  and  consequent  deposition  of  debris  in  valleys 
which  were  formerly  swept  clear  by  these  streams,  it  can  not  wholly 
account  for  this  accumulation. 

The  present  surface  elevation  at  Mesa  is  about  1,200  feet.  The  deep 
well  at  Mesa — 1,305  feet — extends  about  100  feet  below  sea  level  and 
does  not  reach  bed  rock.  It  is  obvious  that  at  this  point  the  surface 
must  have  been  at  a  gi*eater  elevation  when  the  valley  was  formed, 
since  the  river  could  not  excavate  the  valley  below  sea  level.  Similar 
thicknesses  of  the  upland  debris  occur  elsewhere — 800  feet  in  San 
Pedro  Valle}'^;  1,000  feet  in  Sacramento  Valley  at  Yucca,  Ariz.,  and 
about  2,400  feet  exposed  in  the  bluffs  of  the  Colorado  River.  In  none 
of  these  places,  however,  is  bed  rock  reached.  The  evidence  points 
to  a  general  subsidence  as  the  initial  cause  of  the  upland  deposits. 

(2)  Local  movements.  The  sandstones  and  the  breccia  near  Tempe 
and  at  Mount  McDowell,  near  the  head  of  the  valley,  are  highlj' 
inclined.  The  attitude  of  the  sediments  in  Tonto  basin  indicates 
faulting  and  tilting  to  a  notable  extent,  and  Ransome  ^  describes  an 
area  of  intense  faulting  and  movement  east  of  Salt  River  Valley. 
Faulting  and  block  tilting  are  not  easily  recognized  in  crystalline 
formations  such  as  those  immediately  surrounding  the  valley,  and  the 
covering  of  detrital  matter  renders  the  location  of  possible  fault  lines 
doubtful.  Reasoning,  however,  from  analogy  it  is  probable  that  fault- 
ing and  block  tilting  have  played  a  considerable  part  in  bringing  about 
present  relations  in  and  near  Salt  River  Valley. 

The  most  conspicuous  example  of  a  tilted  block  within  the  valley  is 
found  in  Tempe  Butte,  where  the  sandstone  and  its  overl3dng  sheet  of 
audesite  are  tilted  steeply  to  the  south.  The  movement  which  brought 
this  butte  to  its  present  position  was  very  recent.     Waterworn  bowl- 
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12,1908. 


116        UNDERGROUND    WATERS    OF   SALT    RIVER    VALLEY.       [no.  IW. 

der8,  such  as  compose  a  large  part  of  the  valley  fill,  are  found  on  the 
sides  of  the  butte  above  the  level  of  the  valley  floor,  and  although  they 
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Fig.  15. — (Jcologir  map  of  Tempo  Butte. 


lie  loose  on  the  steep  sides,  suflicient  time  has  not  elapsed  since  their 
elevation  to  allow  of  their  tindiniif  their  wav  back  to  the  river  which 
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¥ni.  16.— Section  thnnigh  TemfK?  Butte  and  Tempe  well. 


flows  at  the  foot  of  the  butte.     Tiie  attitude  of  the  formations  and  their 
relations  to  each  other  are  indicated  in  figs.  15  and  16. 


CHAPTER  HI. 

PHYSIOGRAPHY. 

MCUINTAIN  AND  PliAIN. 

The  so-called  valleys  of  Salt  and  Gila  rivers  are  but  parts  of  a  broad 
plain  occupying  a  large  portion  of  southwestern  Arizona.  The  vallej's 
are  in  part  surrounded  by  mountainous  areas,  and  they  themselves  in 
turn  surround  isolated  peaks  and  groups  of  mountains  which  rise 
abruptly  from  their  surface.  To  the  north  and  east  the  country 
becomes  more  and  more  mountainous  to  the  edge  of  the  high  plateau, 
which  within  a  distance  of  something  like  80  miles  rises  to  an  eleva- 
tion of  about  7,500  feet,  as  indicated  in  the  sketch  profile  fig.  17.  The 
escarpment  bordering  the  great  western  plateau  passes  through  this 
region.  The  surface  of  the  plateau  slopes  northward,  while  the 
drainage  from  its  face — the  edge  of  the  Mogollon  Mesa — together 
with  that  from  the  broken  •  country  to  the  southwest  of  the 
CvScarpment  forms  Salt  and  Verde  rivers,  thus  furnishing  the  water 
which  supplies  Salt  River  Valley.     In  a  general  way  the  aggraded 
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Fig.  17.— -Sketch  profile  from  the  Agua  Fria,  through  Tonto  basin  and  the  Sierra  Ancha. 

plain  of  which  Salt  River  Valley  is  a  part  lies  at  the  foot  of  the 
escarpment  bordering  the  plateau,  and  has  been  filled  and  graded  prin- 
cipally by  material  shed  from  the  edge  of  this  plateau.  Between  the 
escarpment  proper  and  the  aggraded  plain  there  is  much  broken 
couritrv  of  which  little  is  known.  Toward  the  south  and  west  of  the 
escarpment  the  mountain  masses  stand  out  as  more  or  less  isolated 
groups,  separated  by  stretches  of  fairly  level  plains,  as,  for  example, 
the  Salt  River  and  Sacaton  mountains. 

The  plain  from  which  these  comparatively  small  mountain  groups 
rise  has  a  regular  and  moderately  uniform  slope  corresponding  to 
the  gradients  of  the  streams.  In  some  cases  the  transition  from  moun- 
tain to  plain  is  marked  by  a  series  of  partly  buried  hills,  which  were 
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originally  outlying  remnants  of  erosion  and  which  have  since  been  sur- 
rounded by  debris  shed  from  the  mountain  slope.  This  is  illustrated 
in  a  small  way  south  of  the  Phoenix  Mountains  (PI.  XV).  In  a  larger 
way  the  groups  of  mountains,  such  as  Salt  River  Mountains,  Sacaton 
Mountains,  etc.,  are  also  remnants  of  erosion  partly  buried  by  debris. 
In  other  cases  the  mountains  rise  from  the  gi'aded  plain  or  valley  floor 
with  the  utmost  abruptness,  as  in  the  case  of  Bell  Butte  (PI.  XIII,  A)^ 
and  Camel  back  Mountain  (PI.  XVI,  A).  Probably  the  most  notable 
physiogmphic  feature  of  the  region  is  the  abrupt  transition  from 
mountain  to  plain. 

In  the  views,  previously  referred  to,  of  Tempe  Butte,  Bell  Butte, 
etc.,  the  aggi'aded  plain  shown  in  the  foreground  extends  to  the  abrupt 
rocky  slopes  with  little  or  no  transition.  Irrigable  lands  extend  to 
the  foot  of  the  slopes,  as  indicated  in  PI.  XVII,  which  is  a  view  from 
the  top  of  Tempe  Butte.  The  explanation  of  these  relations  is  found 
in  the  study  of  the  material  and  structure  of  the  valley  floor.  The 
old  valley  has  been  flooded  with  debris  and  the  outlying  peaks  and 
spurs  partly  or  wholly  submerged. 

THE  ]tfE8A  REGION. 

The  Mesa  gravels,  or  older  gravel  accumulations,  were  deposited  to 
an  elevation  25  feet  or  more  above  the-present  river  bed.  Later  these 
gravels  were  cut  by  the  river  to  a  depth  of  at  least  75  feet,  and  this 


Fig.  18.— Sketch  section  illustrating  the  restricted  area  of  water-bearing  gravels  due  to  underground 
structure.    The  older  accumulation  (stage  B)  ivas  dissected  (stage  C)  and  the  valley  filled 

(stage  D). 

depression  widened  several  miles.  Later  still  this  degi*aded  area  was 
partly  filled.  There  is,  then,  an  old  valley  filled  with  debris  in  which 
a  younger  valley  was  excavated,  to  be,  in  turn,  itself  filled  with  debris. 
It  may  be  best  explained,  in  this  connection,  wh}'  certain  wells  are 
productive  while  others  in  seemingly  as  good  positions  fail.  If  the  old 
valley  fill — the  Mesa  gravels — had  become  impervious  by  the  deposit  of 
silt  or  caliche,  or  from  any  other  cause,  and  the  present  river  gravels  had 
remained  unconsolidated,  a  water-bearing  stmtum  of  restricted  dis- 
tribution would  occur,  corresponding  in  extent  to  the  recent  gravels. 
If  the  recent  gravels  had  filled  the  secondary  valley  and  spread  over 
the  older  accumulations,  wells  sunk  in  the  strip  covered  by  the  recent 
gravels  would  be  productive  while  wells  outside  of  this  strip  would  be 
unproductive.     This  is  illustrated  graphically  in  fig.  18. 
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The  valley  thus  filled  with  debris  may  or  may  not  correspond  with 
the  present  coui-se  of  the  river,  (/hanges  in  the  river's  course  over  an 
aggrading  area  are  the  rule  rather  than  the  exception.  Old  channels, 
therefore,  which  do  not  correspond  with  the  present  river's  course  are 
to  be  expected  in  the  valley  fill,  and  incidentally  these  old  channels 
are  likely  to  give  the  most  productive  wells.  The  old  debris-filled 
channels  may  be  narrow  like  the  present  channel  of  Salt  River  near 
the  upper  end  of  the  valley,  or  ma}'  be  miles  in  width  according  to 
circumstances. 

In  the  accompanying  sketch  (fig.  18)  the  lined  area  represents  the 
older  gravels  and  the  dotted  area  the  younger.  If  both  be  pervious, 
wells  will  yield  water  whether  put  down  in  the  ancient  or  the  recent 
gravels.  If,  on  the  other  hand,  the  older  gravels  be  consolidated  by 
the  deposition  of  caliche  or  otherwise  and  thus  made  impervious  to 
water,  a  well  at  c  would  yield  water  while  a  well  at  d  would  yield 
none.  At  a  the  well  would  strike  water  near  the  surface  but  would 
soon  enter  nonproductive  material.  Examples  similar  to  these  are 
familiar  in  the  construction  of  wells  throughout  the  valley. 

WATER  TABLE. 

Mesa  Township  was  selected  as  being  the  most  favorable,  all  things 
considered,  for  testing  the  regularity  of  the  water  table  and  its  rela- 
tion to  the  land  surface.  Every  well  was  measured  and  the  data  were 
tabulated  and  placed  on  the  map.  From  these  data  the  water  table 
of  Mesa  Township  has  been  constructed  in  contour,  and  appears  on 
the  map  (PI.  XVIII). 

Several  special  features  are  to  be  noted  in  connection  with  the 
water  table.  As  indicated  by  the  sections  the  line  representing  the 
water  table  and  passing  through  the  town  at  right  angles  to  the  river 
(CC)  is  horizontal  and  at  the  level  of  the  water  in  the  river.  The 
lines  representing  the  water  table  drawn  parallel  to  the  river  (AA 
and  BB)  indicate  a  uniform  slope  downstream,  but  the  gradient  of 
the  water  table  is  lower  than  the  gradient  of  the  river,  and  the  water 
table  approaches  the  surface,  downstream  as  far  as  Tempe,  where  a 
break  occurs  which  is  described  later.  On  the  other  hand  going 
upstream  the  water  table  becomes  progressively  farther  beneath  the 
surface. 

From  this  township  as  a  center  the  investigation  was  pushed  in 
every  direction  and  from  the  data  furnished  by  well  records  given  in 
part  in  Chapter  I  the  water  table  has  been  constructed  in  contour  for 
the  greater  part  of  Salt  River  Valley  (PI.  XX). 

By  an  inspection  of  the  tables  and  of  the  maps  constructed  from  these 
tables  it  is  seen  that  the  surface  of  the  undergroimd  water  is  a  com- 
paratively  regular  plain,  sloping  in  general  with  the  grade  of  the 
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river,  the  rate  of  fall  averaging  about  10  feet  per  mile.  The  cro*v« 
sections  of  Mesa  Township  (PI.  XVIII),  where  the  wells  are  nunierou>. 
indicate  that  a  line  projected  across  the  water  surfaces  in  the  wells 
in  any  direction  is.  practically  a  straight  line,  and  furthermore  that 
the  water  level  in  anv  well  is  practicallv  the  level  of  the  river  bed 
at  the  point  nearest  that  well.  This  is  modified  in  certain  cases 
near  the  river,  which  are  described  later.  So  regular  is  the  surfai'e 
of  the  underground  water  that  the  depth  to  water  at  any  point  of 
known  elevation  can  usuall}^  be  foreseen  with  considerable  accuracy. 

The  water  table  as  here  described  is  not  necessarily  the  same  as  the 
water-bearing  stratum.  For  example,  the  water  table  at  some  particu- 
lar point  may  be  30  feet  beneath  the  surface.  Water  may  or  nia\'  not 
V)e  found  at  that  depth,  but  if  found  at  a  depth  of  40  feet  it  will  rise  !<> 
feet  in  the  well,  and  if  found  at  100  feet  it  will  rise  70  feet  in  the  well. 

The  shallow  wells  have  an  annual  and  a  cyclic  variation.  During 
the  dr}'  summer  season  the  water  lowers  more  or  less,  and  the  shal- 
lower wells  become  dry.  During  seasons  of  more  abundant  rainfall 
the  water  level  rises  again.  There  are  several  facts  connected  with  this 
annual  variation  which  are  worthv  of  note: 

(1)  The  stage  of  lowest  water  is  not  coincident  with  the  driest  sea- 
son, but  is  reached  some  time  after  the  rains  begin. 

(2)  The  water  in  the  wells  seems  to  stand  at  its  maximum  height 
far  into  the  dry  season. 

(3)  The  variations  in  water  level  can  not  be  due  to  rainfall  in  the 
valley  for  the  obvious  reason  that  not  enough  rain  falls  to  supply  the 
quantity  of  water  represented  by  the  variations,  even  if  it  all  joined 
the  underground  n*  ater. 

As  a  matter  of  fact  very  little  of  the  water  falling  as  rain  in  the 
valley  can  enter  the  wells,  except  in  certain  localities  where  wells  are 
obviously  fed  by  surface  water.  The  impervious  layers  of  caliche 
common  throughout  the  valley  would  prevent  a  great  amount  of 
surface  water  from  joining  the  underflow,  even  if  evaporation  allowed 
an  appreciable  amount  to  remain  permanently  in  the  soil. 

The  only  supply  of  water  that  is  quantitatively  adequate  to  explain 
the  phenomena  is  that  from  the  river  and  from  the  flood  waters  enter- 
ing the  valley  ffom  the  surrounding  hills.  Waters  move  through 
sand  and  gravel  very  slowly,  and  a  greater  or  less  time,  differing 
according  to  circumstances,  must  elapse  after  the  floods  enter  the 
valley  before  their  influence  can  be  felt  in  the  wells.  Theoretically, 
there  should  be  a  retardation,  or  lagging  of  effect,  and  such  is  found 
to  be  the  case  in  the  variations  of  the  water  level. 

The  cy^clic  variations  may  be  explained  in  the  same  way,  but  less 
accurate  knowledge  is  obtainable  than  in  the  case  of  the  annual  varia- 
tions. During  the  past  few  3'ears  the  shallow  wells  throughout  the 
valley  have  been  lowered    repeatedly.     South  of  Tempt*,  where  the 
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water  level  is  said  to  have  boon  formerly  within  2  feet  of  the  sur- 
face,  it  is  now  8  feet.  At  Mesa  it  has  lowered  12  feet  in  four  years; 
at  the  Phoenix  Indian  School  it  has  lowered  20  feet  in  ten  years. 
This  is  commonly  attributed  to  the  drought  which  has  prevailed  dur- 
ing the  past  few  years.  It  may  be  partly  due  also  to  the  increasing 
number  of  wells  in  use.  The  quantity  of  ground  water  is  not  unlim- 
ited and  the  operation  of  a  large  number  of  pumps  must  in  time  affect 
the  supply. 

The  deep  wells  which  draw  their  water  from  the  lower  water  hori- 
zons vary  to  some  extent,  but  little  is  yet  known  of  them.  The  water 
level  in  Mr.  Olsen's  well  rose  2  feet  in  less  than  three  months,  Febru- 
ary 1  to  April  14, 1903.  The  water  in  Desert  well  has  been  rising  for 
the  past  eight  years — during  the  time  when  the  shallower  wells  of  the 
valley  w^ere  being  repeatedl}-  lowered  to  obtain  water.  The  deeper 
water-bearing  beds  naturally  draw  their  supply  from  points  farther 
out  toward  the  borders  of  the  valley  and  the  waters  may  have  a  greater 
distance  to  travel  through  the  valley  fill  than  those  of  the  surface  flow. 
It  is  possible  also  that  the  zigzag  course  which  the  water  may  follow 
in  the  valley  fill  is  a  matter  of  much  importance.  If  the  ideal  section 
given  in  fig.  3  represents  actual  conditions,  water  from'  the  river 
would  pass  laterally  six  times  partly  across  the  valley  before  reaching 
the  lowest  gravels.  At  the  rate  of  flow  as  described  later  on  it  might 
take  man}'  years  for  water  to  make  such  a  journey.  The  waters  of  any 
particular  flood  may  not  reach  the  deep  wells  until  several  years  after 
the  flood  occurs. 

It  is  likely,  however,  that  the  water  level  in  a  particular  well  would 
be  affected  by  a  flood  long  before  the  waters  of  that  flood  actually 
arrived  at  the  well.  Much  as  a  wave  may  travel  faster  than  the  water 
composing  the  wave,  so  there  may  be  waves  or  pulsations  in  the  under- 
flow due  to  the  entrance  of  flood  waters.  The  smaller  pulsations — the 
annual  ones — might  and  probably  do  appear  in  the  shallow  wells. 
These  smaller  pulsations  may  become  imperceptible  where  they  travel 
far,  and  may  merge  into  cyclic  pulsations,  which  alone  affect  wells  far 
from  the  source  of  supply — for  example,  the  Desert  well. 

On  account  of  these  variations  of  the  water  table  certain  allowances 
must  be  made  in  appl^'ing  the  accompanying  maps  which  indicate  by 
contours  the  elevation  of  the  water  table  and  the  depth  of  this  table 
beneath  the  surface.  At  a  certain  point,  for  example,  the  depth  to 
water  was  20  feet  when  the  map  was  constructed.  At  some  future 
time  the  depth  may  be  greater  or  less  thaii  20  feet  according  as  the 
volume  of  underground  water  may  have  increased  or  diminished. 

THE   RIVER  AND  THE   UNDERFLOW. 

The  river  is  considered  the  most  important  source  of  the  underflow. 
There  is  a  permanent  water  supply  in  it  from  the  head  of  the  valley  to 
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the  Tempe  canal,  north  of  Mesa.  Below  the  head-gates  of  the  Tempe 
canal  a  short  space  occurs  in  which  the  river  is  practically  dry  for 
the  greater  part  of  the  year.  Farther  downstream  underground 
water  returns  to  the  river  bed;  that  is,  the  river  cuts  beneath  the 
water  table  and  the  underflow  returns  in  part,  making  a  surface  flow  of 
something  like  35  second-feet.  It  is  evident,  therefore,  that  from  the 
head  of  the  valley  to  the  Tempe  canal  the  surface  flow  of  the  river  is 
at  a  higher  level  than  the  general  surface  of  the  underground  water 
on  either  side.    Wells  sunk  near  the  river  indicate  that  the  depression 
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Fig.  19.— Index  map  of  Salt  River  Valley,  locating  the  sections  shown  in  PI.  XIX. 

of  the  water  table  from  the  river  laterally  is  very  abrupt.  This  is 
indicated  by  the  contours  of  the  water  table  as  given  on  the  map,  PI. 
XX,  and  in  the  sections  of  PI.  XIX.  The  fact  that  a  permanent  flow 
of  water  exists  in  the  river  at  the  upper  end  of  the  valley  at  an  eleva- 
tion higher  than  the  surface  of  the  underground  water  of  the  valley 
in  general  is  of  prime  importance  in  understanding  how  the  water 
enters  the  valley  fill. 

North  of  Mesa  the  river  bed  is  at  the  same  elevation  as  the  water 
table,  while  at  Tempe  the  river  bed  is  l)elow  the  water  table.  This 
explains  the  return  of  the  underflow  to  the  surface,  making  a  pei'ennial 
stream  at  Tempe,  while  the  river  bed  both  east  and  west  of  Tempe  is 
dry.  The  reason  for  the  approach  of  the  water  table  to  the  surfai^e 
near  Tempo  requires  further  explanation. 
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COURSES  OF  THE  UNDERFLOW. 

At  Tempe  the  river  flows  practicall}'  on  bed  rock.  The  andesite 
and  the  red  sandstones  of  the  hutte  are  exposed  down  to  the  water's 
edge.  The  river  passes  through  a  narrow  channel  between  Tempe 
Butte  and  the  conglomerate  hills  to  the  north.  From  Tempe  north- 
ward to  the  Phoenix  Mountains  bed  rock  appeal's  at  the  8urfac*e  for  the 
greater  part  of  the  distance.  Where  it  is  not  exposed  it  is  encountered 
in  wells  at  no  great  depth.  A  glance  at  the  contours  of  the  water 
table  of  the  township  north  of  Tempe  (T.  2  N.,  R.  4  E.)  will  reveal  the 
fact  that  this  table  is  90  feet  higher  east  of  the  buttes  than  it  is  about 
2  miles  farther  west.  There  is  then  no  free  passage  for  the  underflow 
north  of  Tempe  except  through  the  gravels  in  the  immediate  channel 
of  the  river. 

Southwest  of  Tempe,  Bell  Butte  rises  from  the  level  valley  floor 
about  midway  between  Tempe  Butte  and  the  Salt  River  Mountains. 
No  deep  wells  have  been  drilled  between  Tempe  and  Bell  Butte  to 
indicate  the  underground  conditions,  the  nearest  being  that  of  H.  L. 
Chandler,  one  mile  south  of  Tempe.  This  well  indicates  that  loose 
gravels  and  bowlders  extend  to  a  depth  of  at  least  186  feet.  This 
would  seem  to  indicate  a  free  passage  for  the  undei*flow  between  Tempe 
and  Bell  buttes.  On  the  other  hand,  there  is  a  sharp  decline  of  the 
water  table  to  the  west  in  this  region.  North  of  Bell  Butte  a  depres- 
sion of  the  water  table  of  16  feet  within  half  a  mile  was  observed. 
South  of  Bell  Butte  a  still  sharper  decline  occurs,  depressing  the 
water  table  10  feet  in  less  than  a  quarter  of  a  mile.  The  line  along 
which  this  depression  of  the  water  table  takes  place  is  one  passing  from 
Tempe  Butte  through  Bell  Butte  to  Salt  River  Mountains. 

As  previously  described  in  D.  B.  Heard's  well,  situated  at  the  south- 
west corner  of  section  30,  bowlders  were  encountered  to  a  depth  of  90 
feet,  beneath  which  granite  wash  occurs,  probably  from  the  mountains 
at  the  south.  The  wells  at  the  Valley  Seedless  Grape  Company's  vine- 
yard, 4r  miles  south  of  Tempe,  and  the  two  wells  drilled  in  the  same 
region  by  Mr.  Heard  indicate  that  the  water-})earing  bowlder  bed 
hardly  reaches  that  point.  It  is  evident,  all  things  considered,  that  the 
underflow  so  voluminous  and  extensive  in  the  Me>sa  region  does  not  And 
free  passage  to  the  Phoenix  region  past  Tempe. 

In  explanation  of  this,  there  is  a  belief  somewhat  widespread  in  the 
valley  that  the  passage  is  obstructed  by  a  subterranean  dam  formed 
either  by  volcanic  activity  or  by  the  fonuation  of  a  cement  reef  across 
the  valley.  After  what  has  been  said  of  the  formation  of  caliche,  or 
cement,  it  seems  evident  that  the  continuous  passage  of  the  underflow 
would  prevent  anj-  cement  from  forming  across  the  valley  which  could 
in  any  sense  act  as  a  dam,  and  this  postulate  may  be  dismissed  without 
further  comment.     The  suggestion  of  a  volcanic  dam  finds  some  con- 
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firmation  in  the  presence  of  the  andesite  of  Tempe  and  Bell  butter. 
As  previously  described,  the  uplift  of  Tempe  Butte  occurred  in  com- 
paratively recent  time,  but  whether  the  f onnations  of  the  lava  of  Temp*- 
and  Bell  buttes  and  the  subsequent  local  movements  oc(;urred  after  the 
excavation  of  the  valley  or  had  anything  to  do  with  the  obstruction  of 
the  underflow  remains  a  matter  of  conjecture.  In  the  mind  of  the 
writer,  the  phenomena  about  Tempe  find  most  i-ational  explanation  in 
the  change  of  the  course  of  the  river  described  below. 

In  order  to  place  pumping  plants  where  they  will  be  most  productive, 
it  is  a  matter  of  prime  importance  to  know  the  nature  and  course  of 


Fig.  20.— Index  map  of  Salt  River  Valley,  locating  the  sections  Rhown  in  PI.  XXI. 

the  underflow.  It  is  believed  by  some  that  the  water  is  virtually  stag- 
nant and  held  in  the  gravels  as  water  is  held  in  a  sponge.  The  ^*  under- 
ground lake"  is  a  familiar  expression  in  the  valley.  A  still  more  com- 
mon expression  is  ''the  underground  river."  It  is  scarcely  necessary, 
after  what  has  been  written,  to  explain  that  no  underground  lake  and 
no  underground  river,  taken  in  the  popular  sense,  exist.  There  is, 
however,  a  slow  movement  of  the  underground  water  down  the  valley, 
which  is  designated  as  the  undei*flow.  Whether  the  underflow  is  as 
wide  and  as  deep  as  the  valley  fill,  or  whether  there  are  certain  restric- 
tions both  laterally  and  vertically,  directing  the  flow  in  certain  courses, 
depends  entireW  upon  the  structure  of  the  valley  fill.' 
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There  is  also  to  be  considered  the  possibility  that  the  ancient  course 
of  the  river  was  not  the  same  as  the  present  course.  Enough  has  been 
written  to  indicate  that  there  are  restrictions,  and  that  the  great  volume 
of  the  underflow  pajjses  through  a  comparatively  narrow  simce.  The 
valley,  filled  as  it  has  been  both  by  wash  from  the  hills  and  by  sands 
and  gravels  brought  down  the  river,  would  naturally  yield  abundant 
water  only  where  the  valley  fill  is  sufficiently  open  to  allow  a  free  pas- 
sage of  water.  The  wash  from  the  hills  along  the  outer  portions  of 
the  valley,  while  coarse  enough  to  allow  free  passage  of  water  in  places, 
is  very  frequently  cemented  to  a  practically  impervious  mass.  Some 
wells  obtain  a  good  supply  from  this  wash,  but  there  are  many  that 
have  failed  because  they  were  in  the  wash.  The  most  productive  wells 
are  in  the  beds  of  river  gravel  and  bowlders. 

ANCIENT  RIVER  CHANNELS. 

Since  it  is  always  the  river  that  is  making  the  deposits  of  gravel  and 
bowlders  through  which  water  passes  most  readily,  it  naturally  follows 
that  the  bowlder  l>eds  mark  the  ancient  courses  of  the  river.  It  further- 
more follows  that  the  present  course  of  the  underflow  is  in  general  the 
coui-se  of  the  ancient  river  that  deposited  the  gravels  and  bowlders  in 
which  the  underflow  occurs.  It  remains,  then,  to  determine  the  old 
courses  as  accurately  as  possible  in  order  to  place  the  pumping  plants 
in  the  most  advantageous  localities.  At  first  thought  this  course 
should  be  in  general  down  the  valley,  parallel  to  the  river.  But  a  little 
reflection  indicates  that  this  is  not  necessarily  the  case.  -As  the  floor 
of  the  valley  was  raised  by  the  deposition  of  debris,  the  river  shifted 
from  side  to  side  of  the  valley.  When  the  level  of  the  rising  valley 
floor  reached  the  saddle  of  some  spur  or  divide  the  river  might  pass 
over  this  divide,  leaving  its  former  course  at  one  side.  This  is  proba- 
bly what  Salt  River  has  done  in  comparatively  recent  times.  On  this 
point  the  following  facts  are  to  be  noted: 

(1)  In  the  Mesa  region  water-bearing  gravels  occur  to  a  depth  of  at 
least  620  feet  (Murphy-McQueen  well)  and  extend  at  least  as  far  south 
as  the  Chandler  well  No.  5,.  12  miles  south  of  Mesa. 

(2)  It  is  in  these  gravels  that  some  of  the  best  producing  wells  of 
the  valley  are  located. 

(3)  There  is  an  obstruction  of  some  kind,  as  previously  described, 
preventing  a  free  passage  of  the  underflow  downstream  at  Tempe. 
Such  well  records  as  are  available  indicate  that  the  gravel-filled  valley 
near  Tempe  may  be  comparatively  shallow. 

(4)  Between  Salt  River  Mountains  and  Sacaton  Mountains  is  a  broad 
and  nearly  level  plain  extending  without  interruption  from  the  Mesa 
region  to  Gila  River.  It  is  an  aggraded  plain  underlain  by  water- 
bearing gravels  and  connecting  with  the  water-l)earing  gravels  of  the 
Gila,  described  in  a  previous  paper  by  the  writer." 


rtLiee,  W.  T.,  Underground  waters  ol  Gila  Valley,  Arizona:    Water-Sup.  and  Irr.  Paper  No.  104, 
U.  S.  Geol.  Survey,  1904. 
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(5)  At  a  point  in  Gila  Valley  where  the  waters  passing-  as  under- 
flow through  the  gravels  between  the  two  groups  of  mountains  ]u< 
mentioned  would  naturally  be  expected  to  appear  underground  water 
returns  to  the  surface  in  considerable  quantity.  At  this  point  there 
is  the  somewhat  novel  phenomenon  of  a  perpetual  lake  in  the  midst  of 
a  desert  where  evaporation  is  about  ten  times  greater  than  the  rainfall. 
This  lake  is  not  fed  by  (xila  River,  as  is  evident  from  the  fact  that 
the  river  is  dry  for  a  distance  of  about  50  miles  above  the  lake  durinj: 
the  greater  part  of  the  year.  It  is  not  fed  from  flood  watei"s,  simt' 
floods  are  seldom  of  sufficient  volume  to  enter  it.  There  is  further 
more  a  constant  an<J  regular  discharge  of  water  from  the  lake.  Th^ 
only  obvious  source  of  supply  is  the  underflow  of  Gila  and  Salt  river>. 

An  attempt  has  been  made  to  show  graphically  the  underground 
conditions  across  the  valley  at  Tempe  (PI.  XXI,  A)  and  across  tht- 
space  between  the  Salt  River  Mountains  and  the  Sacaton  Mountain^ 
(PI.  XXI,  (7),  so  far  as  those  conditions  are  known  or  can  be  reason 
ably  inferred  from  the  data  at  hand.  It  should  be  explained  in  thi- 
connection  that  these  sections  are  so  chosen  as  to  pass  through  such 
deep  wells  as  are  known,  thus  making  a  section  along  a  broken  line. 
The  depth  of  water-bearing  gravels  there  indicated  should  not  l)e 
interpreted  as  the  depth  of  the  passage  open  to  the  underflow.  The 
crest  of  the  subterranean  ridge  which  is  thought  to  exist  is  probably 
about  a  mile  west  of  the  line  represented  in  section  A,  as  indicated 
by  the  shallowness  of  the  gravels  at  Heard's  well  and  the  sharp 
depression  of  the  water  table  already  described. 

The  evidence  at  hand  leads  clearly  to  the  inference  that  in  former 
ages  Salt  River  joined  the  Gila  east  of  the  Salt  River  Mountains 
instead  of  occupying  its  present  course  north  of  those  mountains.  It 
has  been  argued  with  some  degree  of  plausibility  that  the  chemical 
character  of  the  water  throws  doubt  upon  this  hypothesis.  The  waters 
of  the  Salt  River  underflow  as  represented  in  the  Olsen  and  Hansen 
wells,  contain  much  greater  quantities  of  salts  than  do  the  waters  of 
the  Gila  underflow.  It  has  been  argued  that  waters  so  saline  could 
not  feed  in  any  great  measure  an  underflow  such  as  that  of  Gila 
Valley.  It  should  be  noted,  however,  that  the  water  from  the  Chandler 
wells  farther  to  the  east  is  less  saline.  For  convenience  of  comj^arison 
there  are  placed,  Iwlow,  the  analyses  of  four  samples  of  the  Gila  under- 
flow. (All  water  in  this  part  of  (iila  Valle}^  at  ordinary  times  oomei* 
from  the  underflow.)  In  the  same  table  are  included  the  analyse:^  of 
waters  from  the  Salt  River  underflow,  so  selected  a^  to  give  as  wide 
a  range  as  possible  within  the  region  which  presumably  feeds  the  (lila 
underflow.  It  appears  from  a  comparison  of  these  analyses  that 
although  the  waters  from  the  Hansen  and  Olsen  wells  are  much  more 
saline  than  the  Gila  underflow,  those  from  the  Chandler  wells  are 
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practically  the  same  as  the  Gila  underflow.  It  is  entirely  possible  that 
the  Chandler  wells  are  in  or  near  the  course  of  freest  flow  where  salts 
have  either  failed  to  find  lodgment  or  if  deposited  in  former  times 
have  been  carried  away  by  the  comparatively  free  sweep  of  the  waters, 
while  the  Olsen  and  Hansen  wells  may  draw  from  water  which,  for 
some  reason,  is  comparatively  sluggish  and  therefore  more  saline,  since 
the  gravels  in  which  it  is  held  are  not  freely  washed  by  a  constant 
inflow  of  water. 


Analysis  of  water  from  the  underflow  of  Salt  and  Gila  rirerSj  Arizona, 

FROM  GILA  VALLEY. 


Lake  in  Gila 
Valley. 


Cooperative 
Co. '8  ditch, 
Gila  Valley. 


i  Well  at  Pref*- 

Glla  River     ,  byterlan  mi.s- 
Heepage.  sion,  Gila 

,       cro««ing. 


Quantitative  (pAXts  in  100,000): 
Total  solids  soluble  at  110°  C 


Chlorine  in  terms  of  NaCl  (com- 
mon salt) 


Hardness  In  terms  of  CaS04  (sul- 
phate of  lime) 

Alkalinity  in   terms  of  Na^COa 
(black  alkali) 

Nitrogen  in  the  form' of  nitrates . . 

Nitrogen  in  the  form  of  nitrites  . . 

Qualitative: 

Sulphates 

Magnesia 

Lime 

6lcarbonates 


107.0 
61.2 
2.72 


106.0 
62.8 
IS.l 


127.0 
76.4 
12.6 


160.0 

110.8 

28.4 


Very  strong. 
Strong. 
Strong. 
Strong. 


Strong.  !  Very  strong. 

Strong.  Strong. 

Strong.  Strong. 

Strong.  '  Pronounced. 


Very  strong. 
Strong. 
Strong. 
Strong. 


FROM  SALT  RfVER  VALLEY. 


Chandler  well  Chandler  well  Chandler  well 

No.  1  (after  No.  1  (after  No.  3  (after 

15  months'  24  months'           thorough 

pumping).  pumping).          pumping). 


Olsen  well. 


Quantitative   (parts 
in  100,000): 

Total  Holids  solu- 
ble at  110°  C... 

Chlorine  in  terms 
of  NhCI  (com- 
mon (salt) 

Hardness  in  terms 
of  CaSO^  (sul- 
phate of  lime).. 

Alkalinity  in 
terms  of  Naj 
CO,  (black  al- 
kali)   

Nitrogen  in  the 
form  of  nitrates. 

Nitrogen  in  the 
form  of  nitrites. 

Qualitative: 

Sulphates 

Magnesia 

Lime 


Bicarbonates 


127.4 


75.6 


23.1 


None. 

.07 

Traces. 

Strong. 

Distinct. 

Pronounced. 

Strong. 


Very 


179.0 


116.8 


53.3 


None. 
Trace. 
None. 

strong. 
Strong. 
Strong. 
Strong. 


84.8 
44.6 
18.5 

None. 

.266 

Traces. 

Strong. 
Distinct. 
Strong.  ! 
Very  strong. 


381.0 
235. 2 
59.84 

None. 
2.0 
Faint. 

Very  strong. 

Strong. 

Very  strong. 

Very  strong. 


Hansen  well 
(after  several 
months  of  con- 
stant pump- 
ing). 


442.0 
3U.0 
151.2 

None. 

Trace. 

.01 

Very  strong. 

Strong. 

Very  strong. 

Distinct. 
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PRINCIPAL  (X)UR8BS   OF   UNDERFLOW. 


While  it  is  not  probable  that  the  underflow  in  this  region  follows  a 
channel  that  is  in  any  sense  well  defined,  there  are  without  doubt 
courses  along  which  the  flow  has  a  maximum  velocity,  and  others 
along  which  it  has  a  minimum  velocity.  It  is  entirely  conceivable, 
also,  that  there  are  places  where  the  water  is  virtually  stagnant. 
The  underflow  may  be  compared  with  the  water  of  a  swamp.  It  i> 
one  body  of  water,  but  communications  between  various  localities  are 
not  equally  free  as  in  the  case  of  a  lake.  Nor  is  the  flow  conceived 
to  be  as  nearly  uniform  as  in  the  case  of  a  river.  The  water  finds 
its  way  through  the  gravels  along  paths  of  least  resistance,  sometime^ 
straight  and  sometimes  circuitous.  It  should  not  be  inferred,  theiT- 
fore,  from  reference  to  the  principal  course  of  the  underflow,  that 
anything  like  a  definite  channel  is  meant. 

From  a  consideration  of  all  available  data  it  seems  clear  that  the 
ancient  course  of  the  river  and  the  present  course  of  a  lai-ge  p«rt  of 
the  underflow  are  east  of  the  Salt  River  Mountains.  It  is  probahle 
that  at  a  comparatively  late  stage  in  the  course  of  the  accumulation 
of  the  valley  fill  the  gradually  rising  floor  of  the  valle\'  reached  the 
level  of  the  saddle  between  the  Salt  River  Mountains  and  the  Phoenix 
Mountains  and  found  a  shorter  and  easier  passage  than  the  circuitous 
route  around  the  former.  As  the  valley  floor  was  still  farther  raised 
by  the  deposition  of  debris,  and  as  the  river  passed  its  aggrading 
and  degrading  stages  previously  described,  its  course  may  have 
changed  repeatedly,  sometimes  north  of  the  Salt  River  Mountains 
and  sometimes  east  and  south  of  them.  While  the  debris  accumulat- 
ing along  its  course  is  deemed  the  chief  cause  of  the  lateral  migra- 
tions of  the  riv^er,  certain  changes  may  have  been  caused  l)y  volcanic 
action  and  local  movements  in  the  vicinity  of  Tempe,  as  previously 
suggested. 

This  postulate  explains  in  a  rational  and  natural  way  the  peculiari- 
ties near  Tempe  alreadj'  described.  There  is  probablv  a  subterra- 
nean dam  across  the  present  valley  at  Tempe,  which  prevents  the  pa>- 
sage  of  the  principal  part  of  the  underflow.  It  is  not  a  dam  thrown 
across  a  previously  existing  valley,  but  one  which  was  formerly  a 
ridge  at  the  side  of  the  valley  and  which  was  buried  by  debris  as  the 
valley  was  filled.  It  is  probable  that  onl}^  the  waters  from  the  upper 
horizons  of  the  gravels  of  the  Mesa  region  find  their  way  over  the 
top  of  this  submerged  ridge  into  the  underflow  of  the  Phoenix  region. 

SOURCES   OF   THE   UNDERFLOW. 

One  of  the  most  notable  features  about  the  valley  fill  in  the  Mesa 
region  is  the  thick  bowlder  bed  cov^ered  with  impervious  clay.  It 
occurs  in  the  center  of  the  valley,  while  toward  the  sides  the  bowlders 
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jj^ive  place  to  the  finer  material.  The  water  in  the  bowlder  IhAI  is 
under  considerable  pressure,  while  above  the  clay  which  conKnes  it 
occur  water  bodies  of  limited  extent,  forming  what  is  locally  known 
as  the  surface  flow.  In  certain  places  the  surface  flow  is  under  slight 
pressure,  while  in  others  it  is  under  no  pressure,  but  the  underflow 
and  the  surface  flow  form  a  single  water  bodj',  as  evidenced  h}-  the  defi- 
nite water  table.  The  questions  naturally  arise:  How  are  the  waters 
connected?  whence  do  they  come?  and  how  do  the}'  get  into  the 
ground? 

There  are  several  possible  sources — (1)  rainfall  soaking  into  the 
ground;  (2)  underground  water  in  the  form  of  springs  or  artesian 
flow  entering  the  valley  from  foreign  regions;  (3)  streams  and  sheet 
washes  entering  the  valley  from  the  surrounding  hills  during  times 
of  abnormal  precipitation. 

(1)  The  rainfall  is  so  slight — an  average  of  little  over  7  inches  per 
3"ear  in  the  valley — that  it  could  supply  but  a  ver\^  small  part  of  the 
underground  water  known  to  exist,  even  if  it  did  not  evaporate  before 
entering  the  soil  to  any  great  depth.  It  is  probable,  however,  that 
little  if  any  of  the  water  from  rains  in  the  valley  finds  its  way  to  the 
underflow.  At  best  it  could  only  join  the  surface  waters  owing  to 
impervious  clay  and  cement  layers  separating  these  watei's  from  those 
beneath. 

(2)  The  hills  surrounding  the  valley  are  composed  principall}^  of 
crystalline  rock.  There  is  no  known  possibility  of  water  entering  the 
valley  in  any  form  of  artesian  flow,  and  springs  from  the  hillsides 
are  so  small  that  they  may  be  disregarded. 

(3)  The  only  source  which  is  quantitatively  adequate  to  supply  the 
known  amount  consists  of  the  streams,  chief  among  which  is  the  Salt 
River  system.  There  seems  to  be  little  doubt  that  the  underflow  is 
connected  directly  with  the  river. 

In  order  to  understand  clearlv  how  the  waters  enter  the  underflow 
it  is  necessary  to  know  how  the  valley  fill  was  deposited.  In  former 
ages  Salt  River  Valley  was  a  broad,  deep  valley  of  erosion,  at  least  1,305 
feet  deeper  than  it  is  at  present.  How  much  deeper,  is  impossible  to 
say,  for  no  well  has  penetrated  be^'ond  that  depth.  B}'  some  change 
in  the  altitude  of  the  land  or  change  of  climate,  perhaps  both,  the 
streams  were  changed  from  degrading  to  aggrading  streams.  The 
water  could  no  longer  carry  all  of  its  load.  River  debris  accumulated 
as  it  is  still  accumulating.  The  coarser  material  was  dropped  in  the 
channel,  while  the  clay  and  silt  accumulated  on  the  floodplain,  and 
cement  formed  near  its  surface.  As  the  channel  became  choked  with 
gravels  and  bowlders  the  stream  shifted  gradually,  covering  the  clay 
and  cement  already  deposited,  while  these  materials  in  turn  slowly 
accumulated  over  the  gravels  and  bowlders  of  the  abandoned  stream 
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courses.  As  the  river  swung  from  side  to  side  of  the  valley,  gravel 
and  bowlder  beds  were  alwavs  left  in  its  wake:  furthermore — and  thi^ 
is  the  key  to  the  problem — wherever  a  bowlder  bed  was  formed 
a  bowlder  train  filling  the  old  channel  connected  and  probably  >till 
connects  this  bed  with  the  mouth  of  Salt  River  Canvon,  w^hence  the 
water,  together  with  its  debris,  issued  then  as  it  does  now. 

While  Salt  River  was  the  main  factor  in  the  formation  of  the  vallev 

m 

fill  the  tributary  streams  and  sheet  washes  played  some  part.  Each 
stream,  no  matter  how  small,  left  a  train  of  gravel  leading  into  the 
valley  fill,  and  in  a  small  way  migrated  from  side  to  side,  as  did  the 
river.  Permanent  streams,  no  matter  how  small,  kept  a  constant  con- 
nection with  the  river,  and  their  ancient  gravel  trains  prolmbly  still 
form  comparatively  free  subterranean  passages  for  water  into  the  gen- 
eral underflow.  But  nowadays  the  small  stream  courses,  even  stretinis 
as  large  as  Queen  and  Cave  creeks,  do  not  reach  the  river  but  are  lo^t  in 
the  valley  fill.  Judging  the  past  by  the  present,  similar  relations  may 
have  obtained  then.  Such  streams  as  Queen  and  Cave  creeks  might 
form  their  valley  trains  from  the  hills  into  the  main  valley  for  a  con- 
siderable distance,  and  perhaps  form  a  considerable  bed  of  loose  mate- 
rial through  which  water  would  flow  readily,  but  the  connection  with 
the  bowlder  beds  of  the  main  stream  might  be  cut  ofl"  by  imper\'ioi  > 
beds  of  clay  or  cement.  Such  beds  might  form  water  pockets  in  the 
valley  fill,  and  under  certain  conditions  yield  flowing  wells.  How- 
ever, no  water  pockets  have  been  found  in  Salt  River  Valley  yieldintr 
flowing  water. 

At  the  present  time,  while  the  streams  are  depositing  their  debris 
in  the  bottoms  of  the  valleys,  the  granitic  hills  about  the  valley  are 
forming  granitic  sand  which  slowly  works  its  way  down  to  meet  the 
advancing  accumulation  of  the  river  fill.  Judging  the  past  by  the 
present,  the  outcu-  edge  of  the  valley  fill  is  composed  largely  of  gra- 
nitic sand  or  arkose.  This  material  is  more  or  less  pervious,  and  the 
waters  shed  from  the  hillsides  sometimes  sink  quickly  into  it.  Since 
it  is  only  on  the  old  flood  plains  that  impervious  clay  layers  were 
formed,  these  layers,  so  potent  in  the  middle  of  the  valley,  where 
they  are  penetrated  by  the  wells,  do  not  exist  near  the  edges  of  the 
valley,  where  both  clays  and  gravel  beds  pass  laterally  into  the 
accumulations  of  arkose.  Thus  the  water,  whether  from  the  river,  or 
from  a  tributar}^  stream,  or  from  a  sheet  wash  from  the  hillside,  finds 
its  wa}'  alwavs  downstream  into  and  through  the  valley  fill  under- 
neath the  impervious  la}  evs  or  wherever  the  trains  or  sheets  of  gravel 
lead. 

The  gravel  trains  thus  form  a  network  through  the  valley  fill,  con- 
necting the  principal  bowlder  beds,  and  leading  back  in  every  case 
to  the  stream  which  formed  them.  It  is  evident,  therefore,  that  the 
underflow,  although  seemingly  divided  by  impervious  layers,  is  one 
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body  of  water,  although  the  avenues  of  communication  maj'  be  ex- 
tremely tortuous  and  complicated.  It  thus  results  that  the  water  of 
the  underflow,  whether  from  an  upper  or  an  under  stratum,  rises  to  a 
definite  level  which  forms  a  comparatively  uniform  'Svater  table," 
the  gradient  and  local  variations  of  the  table  }>eing  due  to  the  varying 
resistance  oflfered  by  the  gravels  to  the  passage  of  the  water. 

THE  PHOENIX  REGIOX. 

The  physical  features  of  the  Phoenix  region  differ  in  but  few  im- 
portant respects  from  those  of  the  Mesa  region,  and  need  be  described 
only  in  so  far  as  they  differ  in  some  essential  manner.  The  principal 
part  of  this  area  consists  of  a  broad  plain,  sloping  genth^  southward 
to  Salt  River.  Cave  Creek  enters  the  region  from  the  north,  and  is 
lost  upon  the  plain  in  a. manner  resembling  that  of  Queen  Creek  in  the 
Mesa  region.  At  the  western  border  of  the  region  the  Agua  Fria  and 
New  River  have  definite  channels  extending  over  the  plain  to  join  the 
Gila. 

DISTRIBUTION   OP  MATERIAL. 

At  the  eastern  border  of  the  region  granites,  lavas,  and  the  older  sedi- 
ments occur,  as  described  in  Chapter  II.  From  Tempe  westward  to 
the  Crosscut  canal  and  thence  northward  and  westward  the  valley  fill 
abuts  more  or  less  abruptly  against  the  older  formations.  The  asylum 
well  penetrates  gi^avels  to  the  depth  of  110  feet  without  reaching  bed 
rock,  while  2  miles  to  the  east  bed  rock  appears  at  the  surface.  In 
the  Murphj^  well,  325  feet  deep,  115  feet  of  valley  fill  is  penetrated, 
l^elow  which  the  breccia  is  encountered.  Two  miles  to  the  east  the 
breccia  emerges  from  the  surface  to  form  the  buttes  north  of  Tempe. 

In  the  southern  portions  of  the  region  near  the  river  the  valley  till, 
as  indicated  by  the  well  records,  is  composed  mainly  of  river  gravels 
and  bowlders.  It  appears,  from  the  occurrence  of  gravels  in  the 
Heard  and  McCallum  wells,  that  the  bowlder  bed  continues  well 
southward  toward  the  mountains.  This  southward  extension  is  in 
harmony  with  the  southward  trend  of  the  streams  at  the  present  time, 
as  well  as  the  southward  trend  of  the  ancient  river,  as  indicated  t)}^ 
the  bowlder  beds  and  the  underflow  of  the  Mesa  region.  While  it  is 
always  unsafe  to  make  predictions  in  matters  so  uncertain  as  under- 
ground conditions,  the  indications  so  far  as  known  point  to  more  favor- 
able conditions  for  pumping  south  of  Salt  River  than  north  of  it. 

A  study  of  the  well  records  in  the  light  of  what  has  already  been 
said  respecting  surface  oscillations,  and  the  resulting  stages  of  degra- 
dation and  aggradation,  leads  to  the  belief  that  the  bowlder  bed  under- 
lying Phoenix  is  somewhat  abruptly  terminated  at  the  north,  as  indi- 
cated in  the  section,  PI."  XXI,  B.  The  several  wells  in  the  vicinit}'  of 
Phoenix  enter  bowlder  beds  differing  in  no  essential  manner  from 
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those  in  the  Mesa  region  except  that  they  are,  so  far  as  known,  coui- 
paratively  free  from  cement.  Three  miles  north  of  the  Phoenix 
waterworks,  tlie  Indian  School  wells  peneti'ate  no  bowlder  beds  nor 
any  material  that  could  not  rationall}^  be  attributed  to  the  action  of 
small  streams  from  the  north  and  to  wash  from  the  hills.  At  sonio 
point,  therefore,  in  the  3  miles  intervening  between  the  Phoenix  well 
and  the  Indian  School  there  is  a  transition  from  the  bowlder  bed  lo 
comparatively  fine  material.  This  transition  has  been  shown  in  th<^ 
section  as  abrupt,  since  the  bowlder  bed  is  regarded  as  ecjuivalent  t*» 
the  younger  beds  of  the  Mesa  region,  while  the  finer  material  corre- 
sponds in  age  to  the  older  Mesa  gravels.  During  the  stage  of  degra- 
dation intervening  between  the  two  periods  of  accumulation  it  is 
thought  that  a  broad  valley  was  cut  in  the  older  deposits  similar  to 
that  described  in  the  Mesa  region,  and  that  during  the  later  accunmlsi- 
tion  this  valley  was  not  only  filled,  but  the  bordering  bluffs  were  buriod 
by  the  younger  accumulation. 

North  and  west  of  Phoenix  gravel  beds  are  few,  and  sand,  cement, 
and  wash  make  up  the  principal  part  of  the  valley  fill.  While  there 
are  a  great  many  drilled  wells  in  this  region,  there  are  few^  for  which 
definite  records  were  kept.  The  meager  data  obtainable  are  noted  in 
Chapter  1.  Several  wells  reach  gravel  beds,  but  the  extent  of  such 
gravels  is  unknown.  Since,  with  few  exceptions,  the  wells  are  small, 
being  intended  onh'  for  domestic  use,  they  do  not  penetrate  through  the 
gravel  beds.  A  few  wells,  such  as  the  Bartlett  well,  the  Kellner  well, 
and  the  Indian  School  wells,  have  been  sunk  deep  enough  to  indicate 
that  the  bowlder  beds  of  the  southern  part  of  the  Phoenix  region  do 
not  extend  far  to  the  north.  No  accurate  record  of  either  the  Bartlett 
well  or  the  Kellner  well  is  obtainable.  It  is  thought,  however,  that 
had  bowlder  beds  ])een  encountered,  their  presence  would  be  known, 
if  for  no  other  reason,  because  drilling  machinery  such  as  was 
employed  in  constructmg  these  wells  has  proved  inadequate  to  go 
through  })owlders  such  as  are  folmd  in  the  southern  ptirt  of  the  region. 
It  is  probable  that  gravel  beds  of  considerable  volume  occur,  but 
they  seem  to  be  more  or  less  separated.  If  water  pockets  are  to 
be  found  in  Salt  River  Valley  with  water  under  pressure  sufficient  to 
produce  flowing  wells,  it  would  appear  from  theoretical  considerations 
that  the  northern  part  of  the  Phoenix  region  is  the  place  w  here  they 
might  reasonably  be  expected;  but  while  many  shallow  wells  have 
been  sunk  in  this  region,  no  well  has  yet  penetrated  to  a  sufficient 
depth  to  test  this  possiffility.  The  Bartlett  well,  311  feet  deep,  is  the 
deepest  well  put  down,  and,  according  to  the  best  account  to  be 
ol)taincd,  water  under  considerable  pressure  was  encountered. 
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GEOGKAPHIC  CHANGES. 

On  account  of  the  great  importainee  of  this  subject  to  those  who  may 
consider  the  construction  of  wells  for  irrigation  purposes,  emphasis 
is  put  on  it  at  the  risk  of  repetition.  During  stage  B  (see  fig.  14) 
a  thickness  of  more  than  1,300  feet  of  debris  was  deposited  in  the  Mesa 
region,  closing  with  the  great  ])owlder  beds.  During  the  greater  part 
of  this  time,  and  perhaps  until  the  close  of  stage  B,  Salt  River  flowed 
east  of  Salt  River  Mountains.  The  Phoenix  region  in  the  meantime 
wjis  without  the  conti'oUing  influences  of  Salt  River.  Its  aggradation 
was  due  to  wash  from  the  hills  and  to  the  debris  of  comparatively  small 
streams.  The  material  thus  brought  into  the  valley  was  comparatively 
tine;  some  of  the  larger  streams  formed  gravel  beds,  but  no  great 
aceumuhition  of  bowlders  took  place.  During  stage  C  Salt  River  was 
flowing  in  or  near  it'^  present  course  north  of  Salt  River  Mountains, 
and  was  cutting  away  the  deposits  previously  laid  down,  and  at  the 
same  time  was  deepening  a  passage  through  the  rock  ridge  near  Tempc. 
This  passage  is  narrow,  as  would  naturally  be  expected,  on  account  of 
the  hardness  of  the  rock. 

During  the  second  period  of  accumulation  (D)  the  new  channel,  or 
secondary  valle3%  was  filled,  as  was  the  case  in  the  Mesa  region,  and 
since  this  secondary  valley  in  the  Phoenix  region  was  now  the  course 
of  the  river,  it  was  tilled  principally  with  coarse  material,  and  to  an 
extent  sufficient  to  bury  the  blufl^s,  obliterating  from  the  surface  all 
evidence  of  such  a  vallev.  The  recent  river  accumulations  of  the  Mesa 
region  and  the  bowlder  beds  of  the  Phoenix  region  are  regarded  as 
equivalent  and  directly  connected  through  the  comparatively  narrow 
passage  at  Tempe. 

WATER   TABLE. 

From  what  has  been  written  it  appears  that  the  water  table  of  the 
Phoenix  region  assumes  neither  the  detiniteness  nor  the  importance  of 
the  water  table  in  the  Mesa  region,  where  there  is  free  coranumication 
l>etween  the  water-bearing  formations.  At  certain  points  in  the 
Phoenix  region  comnumication  seems  to  be  wanting,  as  is  shown  in 
the  Indian  School  well;  at  other  places  communication  is  poor.  The 
water  supply  in  the  northern  part  of  the  Phoenix  region  is  compara- 
tively limited,  and  yet  there  is  an  inclination  of  the  water  table  in 
places  of  20  feet  or  more  to  the  mile.  Such  a  gradient  could  scarcely 
be  maintained  unless  the  passages  through  which  the  water  finds  exit 
presented  formidable  obstructions. 
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EXTENT  OF   BOWLDER  BEDS. 

The  northern  boundary  of  the  bowlder  bed  west  of  Phoenix  is  not 
known.  The  Harris  well  is  7  miles  west  of  Phoenix  and  5  miles  north 
of  the  river;  the  ostrich-farm  well  is  9  miles  west  of  Phoenix  and  5  miles 
north  of  the  river;  and  the  Kellner  well  is  14  miles  west  of  Phoenix. 
The  bowlder  bed  of  the  southern  part  of  the  Phoenix  re^on  was  not 
encountered  in  either  of  these  wells.  It  is  probable  that  the  bowlder 
bed  will  not  be  found  much,  if  any,  north  of  the  Salt  River  canal. 
Thence  northward  the  chances  of  finding  water  sufficient  for  successful 
pumping  plants  grow  progressively  less,  (1)  because  of  the  increas- 
ing depth  to  water;  (2)  because  of  the  scarcity  of  water-bearing  mate- 
rial; (3)  because  of  the  limited  suppl}^  of  water;  and  (4)  because  of 
the  evident  want  of  eas}'^  communication  between  the  various  beds  of 
water-bearing  material.  So  far  as  known  the  underground  water 
throughout  the  Phoenix  region  is  amply  sufficient  for  domestic  use. 
Certain  wells  would  probably  yield  a  moderate  supply  for  irrigation 
for  a  time.  It  is  evident,  however,  that  a  pumping  plant  to  be  perma- 
nently successful  must  be  in  such  a  position  as  to  draw  freely  from  the 
underflow  of  the  river,  the  only  permanent  and  adequate  supply. 
Extensive  pumping  would  soon  exhaust  the  limited  supply  from  the 
north.  If  my  interpretation  of  the  underground  conditions,  as  indi- 
cated in  the  history  of  the  valley  fill  and  presented  graphically  in 
the  section  across  the  valle}^  (PI.  XXI),  be  correct,  it  is  probable  that 
pumping  on  an  extensive  scale  would  not  be  permanently  successful 
anywhere  north  of  an  east-west  line  passing  1  or  2  miles  north  of 
Phoenix. 

South  of  this  line,  however,  there  is  every  indication  that  pumping 
plants  could  be  successfully  operated.  The  known  volume  of  the 
bowlder  bed  near  Phoenix  indicates  that  a  similar  volume  is  to  be 
expected  downstream.  The  great  productiveness  of  the  pumping 
plants  now  in  operation  near  Phoenix,  described  in  Chapter  I,  indi^^tes 
an  abundant  water  supply  wherever  the  bowlder  bed  is  found.  The 
readiness  of  movement  evidenced  by  the  large  output,  and  the  rapidity 
with  which  the  water  regains  its  normal  level  in  the  wells  when  the 
pumps  stop,  indicate  conditions  most  favorable  for  profitable  pumping. 
The  return  of  the  underflow  to  the  surface  a  few  miles  west  of  Phoenix 
and  thence  westward,  making  a  surface  flow  of  considerable  volume  in 
the  Buckeye  region,  indicates  a  volume  of  underflow  which  promise^J 
permanency  of  supply. 


CHAPTER  IV. 

ECONOMICS. 

It  remains  to  inquire  into  th«  practical  application  of  the  informa- 
tion presented  in  the  preceding  chapters.  The  end  in  view  is  the 
determination  of  the  quantity  of  underground  water  available  for  irri- 
gation, its  adaptability  for  use  in  irrigation,  and  the  best  means  of 
obtaining  it.  To  this  end  I  shall  consider  the  area  in  which  the  under- 
flow occurs,  the  chemical  character  of  the  waters,  the  volume  of  the 
underflow,  the  cost  of  pumping,  and  the  locution  of  pumping  stations. 

AREA  OF  PUOFITABL.K  PUMPING. 

The  utility  of  pumping  plants  is  determined  largely  by  two  consid- 
erations: First,  the  lift;  and,  second,  the  freedom  of  movement  of  the 
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Fio.21.— Map  of  Salt  River  Valley,  showing  area  beneath  which  water  is  60  feet  or  loss  below  mirface. 

underground  waters.  The  limit  of  lift,  or  total  height  to  which  the 
water  may  be  profitably  raised,  can  only  be  determined  by  the  cost  of 
pumping  and  the  value  of  the  water  obtained.     With  certain  crops 
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water  yields  larger  returns  than  with  others.  On  the  other  hand,  there 
are  localities  in  the  valley,  as  shown  in  the  last  chapter,  \vhere  pump- 
ing plants  can  not  secure  water  from  the  gravels  rapidh'  enough  to 
make  their  operation  profitable.  The  underground  conditions  are  so 
variable  that  the  selection  of  sites  for  pumping  plants  must  depend 
largely  on  experiment  in  each  case.  In  lig.  21  is  indicated  the  area 
where  pumping  plants  would  probably  be  profitable  and  the  area 
where  their  success  would  be  doubtful.  The  line  of  demarcation  can 
not  be  accurately  drawn  at  present  and  the  map  should  not  be  inter- 
preted in  this  regard  too  literally. 

The  delimitations  dependent  on  the  lift  can  be  drawn  with  more 
accuracy.  Assuming  a  lift  of  65  feet  as  the  maximum  for  economic 
pumping,  and  assuming  15  feet  as  the  average  local  depression  of  the 
water  table  in  the  wells  through  the  action  of  the  pumps,  it  follows 
that  the  boundarv  of  the  area  thus  denoted  is  the  contour  indicating^ 
a  depth  of  50  feet  to  water.  The  contour  maps  now  available  do  not 
cover  the  southern  portion  of  the  area  indicated.  The  boundaries 
are  taken  from  the  contour  maps  as  far  south  as  the  base  line;  south 
of  that  line  the  boundaries  are  a^pproximately  correct.  The  outline  of 
the  area  in  Gila  Valley  indicating  an  approximate  depth  of  50  feet  to 
water  is  also  appended.  This  outline  is  tjiken  from  a  map  included  in  a 
former  paper  by  the  writer  on  the  underground  waters  of  Gila  Valley." 

CUEMICAJj  CHARACTER  OF  GROUND  WATER. 

The  water  analyses  quoted  in  this  paper  were  made  for  the  most 
part  at  the  x'hcmical  laboratory  of  the  Arizona  Experiment  Station  at 
Tucson,  bv  Prof.  R.  H.  Forbes  and  W.  W.  Skinner.  In  addition  Mr. 
Thos.  H.  Means,  formerly  of  the  United  States  Department  of  Agri- 
culture, has  kindly  furnished  a  table  of  analyses  made  by  himself  some 
years  ago.  In  so  far  as  the  analyses  apply  to  the  waters  of  Salt  River 
Valley  they  are  gathered  into  the  following  tables,  arranged  according 
to  the  methods  of  analvsis: 


o  Lee,  W.  T.,  Underpnmiid  waters  of  (Jilii  Valley,  Arizona:  Water-Sup.  and  Inr.  Paper  No.  1(M, 

U.  S.  Geol.  Survey,  19(M. 
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Analyses  of  waters  in  SaJt  Ithrr  Valletj  by  electrical  method, 
[Data  fumlshtHl  by  Tho8.  H.  Means.] 


Source  of 
Bam  pie. 


Ti'mpe  ditch  . 
Jenkins  ditch 

Do 

Do 

Well 

Canal 

Well 

Do 

Do 

Do 

Do 

Canal 

Well 

Do 

M-fO  ....•••■ 

<'anal 

Well 

Do 

Springs 


Location. 


1  mile  south  of  Tempo  . . 

i  mile  east  of  Bell  Butti> 

do 


.do. 


Sec.  33,  T.  IN..  R.  4  E..  just  below  canal , 
do 


Depth  I  Parts  of     Part*  of 
to         NiuCO.,     solids  In 
water,  in  llio.OOO.,   100,000. 


Fret.   I 


Sec.  3,  T.  1  S.,  R.  4  E..  i  mile  south  of  date  orchard 

Sec.27,T.l  8.,R.4  E.,  Harmon's  place 

Sec.  19,  T.  1  N.,  R.  4  E.,  Reed's  place 

Sec.  27,  NE.  i  NE.  J,  T.  1  N.,  R.  4  E..  Rice  place. . .. 


A 


Ift 
9 


Sec.  36,  SE.  i  8W  i.  T.  1  S.,  R.  4  E (o) 


.do. 


Salt  River. 

Do 

Well 

Salt  River . 

Well 

Ditch 

Salt  River  . 
Well 

Do 

Salt  River . 

Canal 

Well 

Do 

Do 

Draw 

Gila  River. 

CTanal 

Well 

Gila  River. 


Sec.  24,  SE.  J  SW.  J.  T.  1  N.,  R.  5  E 

Sec.  19,  NE.  {  SE..J,  T.  1  N..  R.  5  E 

Sec.  2.  NW.  comer,  T.  1  S.,  R.  5  E 

Sec.  36,  T.  1  N.,  R.  5  E.,  C/onsolidated  canal 

Sec.  12,  NE.  comer,  T.  1  S.,  R.  6  E 

Pumping  plant  below  Highland  canal,  east  of  Mesa  — 

Sec.  13,  T.  1  N.,  R.  4  E.,  springs  along  Salt  River  seeping 
from  gravel. 

Sec.  13,  T.  1  N.,  R.  4  E 

At  Tempe  Bridge 

Sec.  13.  NE.  i  NW.  },  T.  1  N.,  R.  4  E 

Above  intake  of  Tempe  canal 

Sec.  9,  SW.  1  SW.  i.T.  1  N..  R.  4  E 

Sec.  23,  T.  1  N..  R.  3  E..  south  side 

Southwest  of  Phoenix 

Sec.  6,  SW.  corner,  T.  1  S.,  R.  6  E 

Sec.  9,  SW.  A  SW.  J.  T.  1  N.,  R.  3  E.,  brickyard.....' 

Sec.  19,  SW.  comer,  T.  1  N.,  R.  2  E 

St.  Johns  canal,  meridian  line 

Sec.  9,  T.  1  N.,  R.  3  E.,  south  of  S.' P.  depot 

T.IN..  R.  IE 

Sec.  IS,  NW.  iSW.  J,T.  1N.,R.  1  E 

Emptying  into  Gila  River  2  miles  above  Agua  Fria 

At  initial  monument 

St.  Johns  canal 

I  mile  north  of  initial  monument 

i  mile  west  of  initial  monument 


11 
30 


m 

60 


12 


13 


40 
12 


5.8 


10. 5 


105 
209 
195 
211 
25K 
115 
251 
160 
265 
209 
167 
111 
179 
161 
213 

99 
436 

92 
167 

152 
123 
189 
113 
158 
loO 
135 
1H4 
179 
131 
144 
177 
305 
277 
258 
169 
159 
213 
158 


a  Rises  to  surface. 

ORIGIN  OF  SALTS. 

SALTS   IN   WELL   WATER. 

An  inspection  of  the  chemical  analyses  of  well  waters  and  a  com- 
parison of  them  with  anal3'ses  of  the  river  water  given  below  reveals  a 
remarkable  similarity  in  the  salt  content.  Since  the  debris  contributed 
by  Salt  River  is  the  principal  source  of  the  valley  till,  we  naturally 
look  to  Salt  River  as  the  source  of  the  salts  found  in  the  sediment. 
The  accompanying  table  by  Professor  Forbes^  indicates  the  character 

a  Forbes,  R.  H.,  The  river  irrigating  waters  of  Arizona:  University  of  Arizona  Agric.  Exp.  SUi.  Bull- 
No.  44, 1902,  p.  174 


IBB  136— Os- 


lo 
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of  Salt  River  water.  The  salts  of  the  valley  fill  are  regarded  as  con 
centrations  by  evaporation  from  the  river  waters.  A  study  of  (he 
conditions  as  they  £xist  in  and  near  the  river  bed  at  the  present  time 
thi-ow8  some  light  upon  the  manner  of  concentration. 

Cumjiogitioit  of  Ike  v-aleri  of  Salt  River. 
[Samples  taken  nl  the  CoimillilRlecl  Canal  Company's  office.  Mea«.  Arlt,  rapreseQliog  ib«  Ariz-in> 


Silt.  PIT  cnil  byweighl... 

SoluUlv  »illcK  paitH  in  IW. 

ConUlnfnii  chloriup  hI 


is  |H 

',',     lit! 


IVmUinlnR  permsnenl  hi 

Nltrr«vn,  imrUKti  I.OOn.COO: 
TcilBliiiCrogi-ninmllanii 


Chltirlne.Cl.... 17.99,  ai.57  I    U. 

Sulphuric  SO, I      9.IB  ■      4.S1  ' 

Carbonic.  COj ! Ib.tS 

Silicic,  SIOj i.OO        1. 11 


10.  W      n.n       !».» 


iI.YSE"  OF  SOUTBLE  SALTS  CALCULATED  T 


3  31 

42.  SO 

.,»! 

«7.M 

4.97 

3.1«' 

5« 

0- 

2.69 

!  ^-^ 

... 

2.-A 

2  V 

Msgnpsluni  chloridp,  MgCl. 

1 

3.03 

2.S7    

•- 

'       7.50 

iz 

10.53   

3.18 
7.71 

7.00; 

i.Si 
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In  certain  localities  along  the  river  the  surface  of  the  underground 
water  is  so  near  the  land  surface  that  evaporation  takes  place  readily. 
Water  from  the  river  directly  or  from  the  underflow  is  continually 
finding  its  way  into  these  localities,  bearing  its  burden  of  soluble  salts, 
and  escaping  from  the  surface  by  evaporation,  leaving  its  load  of  salts 
behind.  Localities  which  have  been  thus  aflFected  are  found  near 
Tempe  (PI.  XXIII,  A)  and  in  many  places  in  Gila  Valley.  Floods 
may  remove  these  deposits  of  salt  or  may  bury  them,  according  to 
circumstances.  At  the  present  time  both  results  are  being  accom- 
plished. The  constant  shifting  of  the  river  channel  causes  a  corre- 
sponding shifting  of  degradational  and  aggradational  localities. 
Where  the  aggradational  procease^s  predominate,  a  notable  amount  of 
the  accumulated  salts  are  necessaril}'  buried. 

SALTS   IN    RIVER   WATER. 

The  origin  of  the  salts  contained  in  the  river  water  presents  a  dif- 
ferent problem.  It  has  recently  been  demonstrated  by  M.  O.  Leigh- 
ton  and  his  assistant,  Sheldon  Baker,^  of  the  United  States  Geological 
Survey,  that  the  common  salt  so  abundant  in  Salt  River  is  probably 
due  to  large  salt  springs.  Several  springs  were  found  along  the  upper 
reaches  of  Salt  River  whose  water  is  described  as  a  weak  brine.  The 
water  is  also  strong  in  carbonates,  as  evidenced  by  large  travertine 
deposits  at  the  point  of  issuance.  Iron  is  also  abundant  in  the  water 
and  is  deposited  near  the  springs  as  red  oxide.  The  carbonates  con- 
tained in  the  waters  are  probably  due  in  part  to  the  limestones  drained 
by  Salt  River  and  its  tributaries  and  in  part  to  the  decomposition  of 
the  granitic  rocks  in  its  basin.  The  sodium  carbonate,  or  "black 
alkali,"  seems  to  be  due  to  the  decomposition  of  the  igneous  rocks. 
It  will  be  noted  that  the  river  water  is  ordinarily  lacking  in  black 
alkali,  but  that  it  is  contained  occasionall}'  in  flood  waters.  It  is  the 
belief  that  this  is  due  to  the  fall  of  rain  upon  some  alkali-charged  slope 
or  mesa  which  is  seldom  visited  by  rains  in  sufficient  quantity  to  carry 
away  the  soluble  salts.  Specific  examples  are  given  by  Professor 
Forbes*  as  follows: 

For  the  period  from  September  2  to  17,  during  which  a  flood  occurred,  the  salts 
were  greater  than  in  the  low  water  preceding  and  following.  The  alkali  in  this 
water  was  also  distinctly  hlack  in  character.  These  circumstances  indicate  that  this 
flood,  which  was  due  to  heavy  rainfall  on  the  lower  half  of  the  Verde  River,  washed 
large  surface  accumulations  of  salts  from  a  hlack-alkaline  district  into  the  drainage. 
To  a  less  degree  the  same  holds  true  of  the  small  flood  from  August  16  to  22.  In 
most  instances,  however,  during  flood  time  the  soluble  salts  more  or  less  abruptly 
decrease  oppositely  to  increasing  sediments.  Mountain  rainfall  such  as  w^as  that  of 
August  and  October,  1899,  and  May,  1900,  is  evidently  responsible  for  this  freshen- 
ing of  the  water.  Mountain  rainfall  in  southern  Arizona  is  more  abundant  than 
upon  the  level,  lower  deserts.    The  higher  watersheds,  being  better  drained,  afford 

a  Personal  communication.  &  Forbes, R.H.,  op.  cit,  p.  166. 
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fresher  water.  The  less  frequent,  though  often  copioup,  fioods  which  feweep  the 
lower  levels  carry  much  accumulated  soluble  salt  into  the  drainage,  which  is  often 
thus  rendered  strongly  saline. 

EFFECT  OF  SALTS  ON  VEGETATION. 

EFFECT  IN   ARIZONA. 

There  is  a  widespread  opinion  among  water  users  of  Salt  River 
Valley  that  the  waters  of  the  underflow  are  injurious  to  vegetation. 
The  evidence  on  this  question  is  conflicting.  It  is  probable  that  too 
little  is  known  of  determining  conditions  in  Salt  Kiver  Valley  to  draw 
an}^  general  conclusion  at  the  present  time.  The  character  of  the  soil, 
the  manner  of  manipulation,  and  the  kind  of  crop  should  be  considered 
as  well  as  the  character  of  the  water.  Professor  Forbes  ^  has  studied 
this  question  and  concludes  that  waters  containing  more  than  KX)  jjarts 
of  soluble  salts  in  100,000  parts  of  water  "are  liable  in  a  few  3'ears 
to  cause  harmful  accumulations  of  alkali."" 

On  the  other  hand  there  are  many  instances  of  land  irrigated  with 
pumped  water  alone  where  no  detrimental  efl'ects  can  be  detected. 
The  Collins  well  has  supplied  land  entirely  with  irrigation  water  con- 
taining 150  parts  of  soluble  salts  in  1(X),000  part«  of  water,  for  several 
years,  with  no  detrimental  effect  that  can  be  detected.  Doctor  Kunz*s 
garden  has  had  no  water  for  five  years  other  than  well  water  contain- 
ing 223  parts  of  salts.  The  court-house  yard  in  Phoenix  has  been 
irrigated  for  about  twenty  years  with  well  water  alone,  containing 
from  102  to  130  parts  of  salts.  The  Indians  at  the  western  end  of 
the  Pima  Reservation  have  used  the  seepage  water  from  Salt  River, 
containing  about  200  parts  of  salts,  for  many  years.  I^and  upon  which 
this  water  has  been  used  continuously  at  least  since  the  Indians  came 
under  the  supervision  of  the  white  men,  about  thirty  years  ago,  is  at 
the  present  time  the  most  productive  land  on  the  reservation. 

The  sodium  airbonate  (black  alkali)  is  the  salt  most  feared  by  those 
who  object  to  the  use  of  pumped  water.  It  will  be  noted  from  an 
inspection  of  the  tables  that  no  sodium  carbonate  is  found  in  the  under- 
flow from  which  the  great  proportion  of  the  pumped  water  is  to  be 
secured.  The  sodium  carbonate  is  found  only  in  the  comparatively 
unimportant  surface  waters  in  the  Mesa  region  and  in  the  Phoenix 
region  and  is  north  of  the  area  in  which  irrigation  waters  can  probably 
be  pumped  with  profit.  It  is  evident,  therefore,  that  the  quantity  of 
this  salt  which  would  probably  find  its  way  into  waters  pumped  for 
irrigation  is  too  small  to  be  seriously  considered. 

The  effects  of  accumulation  of  salts  in  the  soil  is  plainh'  market!  in 
certain  parts  of  the  valle^'.  A  considerable  part  of  the  land  south  of 
Tempe  is  barren  in  places  and  covered  with  white  incrustations  of  salt 

a  Forbes,  R.  U.,  op.  cit.,  p.  166. 
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(PI.  XXIIl,  A).  Some  of  this  land  has  been  under  cultivation,  and 
ha8  been  abandoned  on  account  of  the  accumulations  of  alkali.  It  is 
in  this  region  that  the  Bureau  of  Soils  has  leased  a  tract  of  land  for  the 
purpose  of  demonstrating  the  methods  of  reclaiming  alkali  land. 

EFFECT  IN   EGYPT. 

Waters  much  more  saline  than  those  of  Salt  River  Valley  may  be 
used  for  irrigation  if  used  properly,  as  is  shown  b\'  the  following 
extract  from  a  circular  bv  Mr.  Means:'' 

During  the  summer  of  11K)2  a  representative  of  the  Bureau  of  Soils  visited  the 
oases  of  the  Oued  Rihr  country  in  the  Dasert  of  Sahara  in  eastern  Algeria.  In  these 
oases  artesian  waters  carrying  very  large  quantities  of  soluble  matter  are  used  suc- 
cessfully for  irrigation.  From  the  information  gathered  there,  and  from  exj^erience 
in  this  country,  it  seems  that  the  amount  of  soluble  matter  allowable  in  an  irriga- 
tion water  has  been  greatly  underestimated  by  American  writers,  and  that  many 
sources  of  water  which  have  l)een  condemned  can  be  used  with  safety  and  success, 
provided  the  proper  precautions  are  taken  to  prevent  the  accumulation  of  the  salts. 
As  the  precautions  are  those  which  should  be  taken  by  every  irrigator,  even  if  pure 
water  is  used,  it  seems  an  important  matter  to  bring  before  the  American  people  the 
methods  in  use  in  the  Sahara. 

The  staple  crop  grown  by  the  Aral)8  in  the  oasis  country  is  the  date,  the  fruit  of 
a  palm  tree  known  to  Ixj  one  of  the  plants  most  resistant  to  alkaline  or  saline  condi- 
tions of  the  soil,  but  in  addition  to  this  considerable  quantities  of  the  deciduous 
fniits,  garden  vegetables,  and  alfalfa  are  produced  for  home  con8umi)tion. 

Some  of  the  vegetables  successfully  grown  are  those  considered  sensitive  to  alkali, 
and  yet  they  were  being  irrigated  with  water  containing  in  some  instances  as  much 
as  800  parts  of  soluble  salts  to  100,000  parts  of  water,  sometimes  as  high  as  50  per 
cent  of  the  salts  being  sodium  chloride. 

The  limit  of  concentration  for  irrigation  water  in  the  Unittni  States,  even  where 
only  the  most  resistant  field  croi)s  are  to  be  grown,  has  l)een  placed  by  some  author- 
ities at  30  parts  so<lium  chloride  (common  salt)  or  sodium  carbonate  (black  alkali), 
and  at  from  170  to  300  parts  of  the  less  harmful  salts,  per  100,000  of  water. 

•  «••*•  « 

The  fact  that  the  Arabs  in  Algerian  oases  are  actually  growing  sensitive  plants  by 
the  aid  of  irrigation  waters  containing  from  400  to  800  parts  of  w^luble  salts,  in  some 
instances  50  per  cent  sodium  chloride,  shows  that  the  Bureau  has  been  on  the  con- 
servative side  in  its  estimattw  and  should  encourage  a  more  hopeful  feeling  among 
the  people  occupying  areas  where  cmly  alkali  water  is  available  for  irrigation. 

The  prere<4uisite  to  the  use  of  water  of  high  salt  content  in  irrigation  is  the  knowl- 
edge that  the  methods  employed  are  opposed  to  the  teachings  of  most  American 
writers  on  the  subject.  Thost^  who  plac!e  the  low  limit  of  safety  for  alkaline  irriga- 
tion waters  have  taught  that  where  water  was  badly  alkaline  irrigation  should  l)e 
sparing.  Tliey  have  not  insisted  on  thorough  drainage,  and  they  have  warned  irri- 
gaton<  against  too  fre<iuent  irrigaticm.  With  such  practices  the  limit  of  concentration 
which  they  set  is  probably  high  enough,  and  even  then  all  except  the  most  sandy 
soils  or  those  with  exceptionally  good  natural  drainage  would  ultimately  l)e  damaged. 

The  methods  in  the  oases  are  (piite  different.  The  Arab  gardens  are  divided  into 
small  plats,  about  200  feet  square,  between  whicli  run  drainage  ditches  dug  to  a  depth 
of  about  3  feet.     The  soils  being  very  light  and  sandy,  this  dit<'hing  at  short  intervals 

a  Means,  T.  H.,  The  use  of  alkalino  and  wiline  waters  for  irrigation:  Bur.  SoUh  CMrtmlar  No.  10,  U.  S. 
Dept.  Agric,  1908. 
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inBures  the  most  rapid  and  thorough  drainage.  Irrigation  is  by  the  check  method, 
and  application  is  made  at  least  once  a  week,  though  often  two  wettings  a  week  are 
deemed  necessary.  A  large  quantity  of  water  is  used  at  each  irrigation.  Thus  a  con- 
tinuous movement  of  the  water  downward  is  maintained,  and  there  is  little  opportu- 
nity for  the  soil  water  to  become  more  concentrated  than  the  water  as  applied,  and 
the  inter\'al  between  irrigations  being  so  short  but  little  accumulation  of  salt  fix-tm 
evaporation  at  the  surface  takes  place.  What  concentration  or  accumulation  does> 
occur  is  quickly  corrected  by  the  succeeding  irrigation. 

The  native  gardens  are  situated  in  the  date  palm  groves  and  the  vegetables  and 
fruit  are  grown  in  the  partial  shade  cast  by  these  trees.  The  natives  not  only  have 
the  question  of  very  saline  irrigation  waters  to  contend  with,  but  the  soils  originally 
are  often  very  alkaline.  In  three  years  they  reclaim  land  too  salty  to  grow  the  minor 
crops,  using  the  saline  water  for  that  purpose,  following  the  same  plan  of  drainage 
and  weekly  irrigation  as  where  crops  are  growing.  One  garden  situated  on  the  side 
of  a  salt  fiat  and  originally  very  saline  was  visited.  Here  alfalfa  was  in  very  good 
condition,  and  fig,  pomegranate,  melon,  tomato,  cabbage,  pepper,  and  other  plants 
were  growing  luxuriantly.    The  reclamation  of  this  plat  by  irrigation  twice  a  week 

had  taken  three  years.  4 

*  *  *  *  *  «  « 

The  irrigation  w^ater  is  all  drawn  from  artesian  wells.     A  number  of  samples  were 

sent  in  to  the  laboratory  for  analysis,  the  results  of  which  are  shown  in  the  following 

table.     These  are  fair  average  samples  of  the  irrigation  waters  in  use,  and  do  not 

represent  by  any  means  the  maximum  of  salinity.     Field  tests  showed  as  high  as 

816  parts  to  100,000  of  water  in  actual  use  on  soils  growing  vegetables. 

Chemical  ajialyses  of  artesian  water  used  in  irrigating  gardens  in  Sahara  oases,  Algeria, 


Constituent. 


Ions: 

Calcium  (Ca) 

Magnesium  ( Mg) 

Sodium  ( Na) 

Potassium  ( K) 

Sulphuric  acid  (SO,) 

Chlorine  (CI) 

Bicarbonic  acid  ( HCO3) 

Conventional  combinations: 

Calcium  sulphate  (CaSO,) 

Magnesium  sulphate  (MgSO,). 

Magnesium  chloride  ( MgClj)  -  - 

Potassium  chloride  ( KCl) 

Sodium  bicarbonate  ( NallCOs) 

Sodium  chloride  (NaCl) 

Total  solids  in  100,000  parts  water. 


Well  at 
oasis  Tabes- 
best. 

Well  at 

oasis  Kudi 

Afili. 

Percent. 

Percent. 

9.92 

4.19 

4.52 

6.02 

14.03 

20.48 

4.27 

2.35 

34.38 

29.43 

28.06 

36.21 

5.02 

1.32 

33.04 

14.23 

13.63 

24.29 

7.23 

4.41 

8.12 

4.48 

6.92 

1.81 

31.06 

50.78 

601.50 

408.10 

Well  ai 
garden  uf 

Ben 
Hadrian. 


Percettt, 

9.86 

4.26 

14.18 

2.72 

17.59 

27.05 

24.34 

24.90 
7.W 

16.  72 
5.19 

33.54 

12.61 


571.90 
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QUA^^TITT  OF  UNDERGKOUND  WATER. 

THE   UNDERFLOW. 
WATER  ENTERING   THE   VALLEY. 

In  order  to  secure  a  measure  of  the  water  entering  the  valley  fill  as 
underflow,  it  would  be  necessary  to  measure  all  streams,  both  perma- 
nent and  intermittent,  as  well  as  the  occasional  waters  entering  as  sheet 
wash  from  the  surrounding  hills.  It  would  be  necessary,  furthermore, 
to  measure  the  quantity  of  surface  water  escaping  from  the  valley. 
The  greater  part  of  the  supplj'  is  from  Salt  River  and  the  total  quantity 
entering  from  this  source  is  known  from  the  records  of  the  gaging 
stations  on  Salt  and  Verde  rivers.  The  amount  taken  from  the  river 
by  the  canals  is  known,  but  the  loss  from  the  valley  during  times  of 
flood  is  unknown  on  account  of  the  want  of  a  gaging  station  at  the 
outlet  of  the  valley.  It  is,  therefore,  obviously  impossible  to  arrive 
in  this  way  at  even  an  approximate  measure  of  the  water  entering  the 
underflow.  Other  methods  must  be  resorted  to  in  order  to  obtain  a 
quantitative  estimate. 

RETURN   WATER. 

The  Tempe  canal  diverts  all  the  surface  water  of  the  river  north  of 
Mesa.  Near  Tempe  the  underground  water  returns  to  the  surface, 
making  a  flow  of  about  35  second-feet.  West  of  Phoenix  the  under- 
ground water  again  returns  to  the  surface.  It  is  not  possible  at  pres- 
ent, however,  to  state  what  proportion  of  the  seepage  water  comes 
from  Salt  River,  since  its  undei'flow  joins  that  from  Gila  Ri\*er.  It  is 
probable,  however,  as  previously  stated,  that  the  underflow  of  the 
Gila  is  fed  in  large  measure  by  the  waters  from  Salt  River  passing  as 
underflow  east  of  Salt  River  Mountains.  In  Gila  Valley  west  of 
Florence  all  the  waters  diverted  from  the  river,  except  during  occa- 
sional floods,  are  seepage  waters.  The  flow  in  the  Gila  channel  and  in 
the  Indian  ditches  at  Gila  Crossing  was  800  inches  when  measured  on 
August  17,  1902.  Mr.  M.  M.  Murphy  estimated  the  water  diverted 
by  the  Indian  ditches  east  of  the  junction  of  Gila  and  Salt  rivers  in 
January,  1903,  as  500  inches,  leaving  1,000  inches  in  the  river.  The 
smaller  canals  of  Salt  River,  between  Tempe  and  the  Buckeye,  divert 
water  as  follows: 
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Water  received  by  canals  west  of  Phoemx,  Ariz. 
[Information  furnished  by  M.  M.  Murphy.] 


Canal. 

June,  1902. 

June.  ISiVk 

Leon 

• 

Inchett. 

265 
35 
74 

153 
82 

609 

_    _  . 

IncKc*. 
Non*^. 

r 

Peninsula 

'2SA 

Lambeve 

n^ 

Meridian 

IW) 

Indian -   - 

1 . 

■ 

Total 

624 

The  winter  flow  is  about  double  the  above.     Available  summer  flow  at  the  head  (•! 
St.  Johns  canal  is  400  inches. 
Maximum  winter  flow  (not  flood)  at  St.  Johns  is  800  inches. 
Indian  ditches  on  the  lower  Gila  take  a  minimum  of  400  inches. 

The  amount  taken  by  the  Salt  River  and  Maricopa  CAnals—  joint 
head — for  June,  1903,  averaged  1,344  inches.  This  is  slightly  more 
than  usual. 

The  amount  diverted  by  the  Buckeye  canal  is  given  by  Mr.  W.  A. 
Apgar,  as  follows: 

Flow  in  Buckeye  canal. 

Second-fei't. 

July,  1902 7^ 

July,  1902  « SI) 

May  14,  1903 129 

May  23,  1903 VX\ 

May  24,  1903 12S 

Davis''  says: 

The  amount  of  seepage  water  was  measured  by  Mr.  Cyrus  G.  Babb  in  June,  1896, 
and  the  results  showed  in  one  case  an  incre4i«e  of  over  80  second-feet  in  a  distan("<* 
of  7  miles. 

Code^  states  that  ^'the  return  flow  picked  up  by  the  head  of  the 
Maricopa  and  Salt  River  canals  in  ordinary  years  is  found  to  approxi- 
mate 60  cubic  feet  per  second.  This  flow  has  naturally  decreased 
during  the  past  summer  owing  to  the  scanty  irrigations  received  by  the 
Mesa,  Utah,  and  Tempe  lands  above,  and  to  the  gradual  lowering 
of  the  underground  supply."     He  states  further  that — 

at  the  head  of  the  Buckeye  canal,  some  24  miles  farther  down  the  stream,  is  again 
found  a  volume  ap])roximating  in  ordinary  summers  150  cubic  feet  j)er  second. 
*  *  *  Some  20  miles  below  the  Buckeye,  I  am  told,  another  flow  of  approximately 
50  cubic  feet  per  second  is  to  be  picked  up. 

"  A  few  days  later. 

/>l)ftvi.w.  A.  P.,  Irrigation  near  Phoenix,  Ariz.:  Wuter-Sup.  and  Irr.  I'apcr  No.  2,  U.  S.  Geol.  Hur\cy. 
1K97.  p.  13. 

(•CiKlc,  W.  H.,  Irrigation  in  Salt  River  Valley,  in  Report  of  irrigation  investigations  for  1900,  No.  '^'^ 
U.  S.  Dept.  .\gric.,  Bull.  104,  1901,  p.  103. 
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According  to  Code's  estimate  the  return  water  is  210  second-feet, 
whereas  the  estimate  given  above  is  only  150. 

There  is  no  time  for  which  measurements  are  available  for  all  the 
canals  diverting  seepage  water.  The  amount,  however,  of  the  seep- 
age water  does  not  vary  to  any  great  extent.  The  average  amount, 
then,  according  to  the  best  measurements  and  estimates  available  is 
something  over  150  second-feet,  making  a  total  of  more  than  100,000 
acre-feet  per  year. 

If  Code's  estimate  be  accepted  the  return  water  east  of  the  Buckeye 
canal  is  something  over  150,000  acre-feet  per  year.  A  small  part  of 
this  is  return  water  from  irrigated  lands,  but  the  greater  part  is  from 
the  natural  underground  flow.  A  considerable  but  undetermined  part 
of  it  is  from  the  Gila  underflow,  but  the  greater  part  is  from  Salt 
River. 

The  seepage  waters  estimated  at  100,000  acre-feet  per  year  are  only 
those  returning  to  the  surface  east  of  the  Buckeye  canal,  and  take  no 
account  of  a  large  quantity  of  return  water  diverted  by  the  several 
canals  farther  down  the  river.  Furthermore  no  account  is  taken  of 
the  quantity'  passing  as  underflow  through  the  gravels  at  the  lower 
end  of  the  valley,  at  the  Buckej'C  head-gates.  The  100,000  acre-feet 
is  a  measure  of  the  spill  from  the  top  of  the  underflow — water  which 
the  valley  fill  for  some  reason  is  unable  to  hold.  The  total  volume  of 
underflow  is  therefore  something  greater  than  100,000  acre-feet  per 
year. 

MEASURING   THE   UNDERFLOW. 

slichter'b  method. 

The  most  elaborate  and  scientific  method  of  arriving  at  a  quantita 
tive  estimate  of  the  underground  waters  of  the  valley  is  obtained  from 
the  application  of  Slichter^s"  method.  On  account  of  the  great  impor- 
tance of  arriving  at  as  accurate  an  understanding  as  possible  of  the 
underflow  and  its  probable  volume,  I  quote  from  this  paper  such  por- 
tions as  apply  to  the  principles  and  methods  of  procedure.  After  a 
discussion  of  the  principles  relating  to  the  movement  of  underground 
waters.  Professor  Slichter  proceeds: 

Formula. — The  formula  which  the  writer  has  devised  for  determining  the  flow 
of  water  through  a  column  of  sand  is  as  follows: 

q  =  0.2012     ,j^  cubic  feet  per  minute.  (3) 

In  this  formula  q  stands  for  the  quantity  of  water  transmitted  by  the  column  of 
sand  in  one  minute;  p  is  the  difference  in  pressure  at  the  ends  of  the  columns,  or 
the  hesul  under  which  the  flow  takes  place,  measured  in  feet  of  water;  s  is  the  area 
of  the  cross  section  of  the  sand  column,  measure<l  in  square  feet;  h  is  the  length  of 


n  Slichter,  Charles  S.,  The  motioDtn  of  underground  waters:  Water-Sup.  and  Irr.  Paper  No.  67,  V.  H. 
Geol.  Survey,  1902,  pp.  24-30. 
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the  colamu,  in  feet;  d  is  the  mean  diameter  of  the  soil  grains,  measured  in  millime- 
ters, or  the  so-called  "effective  size;"  M  is  the  number  which  takes  accooni  of  tht 
friction  between  the  particles  of  water,  and  is  known  as  the  coefficient  of  viscoeity  it 
is  defined  as  the  amount  of  force  necessary  to  maintain  unit  di£ference  in  velijiiiy 
between  two  layers  of  water  unit  distance  apart;  its  value,  which  decreases  rapi<i)y 
with  an  increase  in  the  temperature  of  water,  for  temperatures  from  32*^  to  UX>'  l" 
given  in  the  table  below);  AT  is  a  constant  which  depends  upon  the  porosity  of  the 
sand,  and  its  value  for  porosities,  varying  from  26  to  47  per  cent,  has  been  compated 
and  is  given  in  the  table,  page  165. 

Variations  of  the  viscosUy  of  water  with  temperajture,  and  the  relative  flow^  of  vnter  "i 
various  temperatures  through  a  soily  50°  F.  being  taken  as  the  standard  temperatur€ 


Tempera- 
ture. 

Coefficient 
of  viflcoHity 

Relative 
flow,  a 

^F. 

32 

0.  0178 

0.74 

35 

.0168 

.78 

40 

.0154 

.85 

45 

.0142 

.92 

60 

.0131 

1.00 

65 

.0121 

1.08 

60 

.0113 

1.16 

65 

.0105 

1.26 

70 

.0098 

1.34 

75 

.0092 

1.42 

80 

.0087 

1.51 

85 

.0081 

1.62 

90 

.0077 

1.70 

95 

.0073 

1.80 

100 

.0069 

1.90 

a  "  Relative  flow  "  means  flow  at  a  gi\en  temperature  compared  with  flow  at  50^  F.    It  is  expre(vt*<l 
a8  a  percentage. 
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QmManUfor  various  porosities  of  an  ideal  soil. 


Porosity  m. 

1 
K 

Log.  A'. 

Difl. 

Colog.  K. 

Per  cent. 

0.26 

0.01187 

.1.9258 

563 

8. 0742 

.27 

.01350 

1.8695 

504 

8.1305 

.28 

.  01517 

1.8191 

490 

8.1809 

.29 

.01694 

1.  7701 

502 

8.2299 

.30 

.01905 

1.7199 

467 

8.2801 

.31 

.02122 

1. 6732 

455 

8.3268 

.32 

.02356 

1. 6277 

430 

8. 3723 

.33 

.02601 

1.5847 

438 

8. 4152 

.34 

.  02878 

1.5409 

410 

8.4591 

.35 

.03163 

1.4999 

407 

8.5001 

.36 

.03473 

1.4592 

400 

8.5408 

.37 

.03808 

1. 4193 

377 

8.5807 

.38 

.04154 

1.3816 

371 

8.6184 

.39 

.04524 

1.3445 

367 

8:6555 

.40 

.04922 

1.3078 

353 

8.6922 

.41 

.05339 

1.2725 

351 

8.7275 

.42 

.05789 

1.2374 

345 

8.7626 

.43 

.06267 

1.2029 

339 

8.  7971 

.44 

.06776 

1.1690 

320 

8.8310 

.45 

.07295 

1. 1370 

312 

8.8630 

.46 

.07838 

1.1058 

329 

8.8942 

.47 

.08455 

1.0729 

•••**••• 

8. 9271 
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If  t  stands  for  temperature  of  the  water  F.,  the  author's  formula,  in  which  tht 
coefficient  of  viscosity  has  been  replac^ed  by  an  expression  varying  with  the  tempw- 
ature  similar  to  that  given  in  the  formula  of  Hazen,  may  be  written  as  follows: 

7=11.3  ^-^  [l-f0.0187  ((-32)]  cubic  feet  per  minute.  |4 

It  is  seen  from  the  above  formula  that  the  quantity  of  water  transmitted  by  a 
column  of  sand  not  only  depends  upon  the  length  of  the  column  and  the  head  of 
water  as  expressed  by  Darcy*s  law,  but  varies  in  a  most  remarkable  way  with  thr 
effective  size  of  the  soil  grain,  with  the  temperature  of  the  water,  and  with  th.- 
porosity.  Since  the  flow  varies  as  the  square  of  the  size  of  the  soil  grain,  thi«s  eit- 
ment  in  the  fonnula  has  a  most  important  effect,  as  doubling  the  size  of  ther^ll 
grain  will  quadruple  the  flow  of  water.  Thus  the  flow  through  a  sand  whose  efiectixe 
size  of  grain  is  1  mm.  is  10,000  times  the  flow  through  a  soil  whose  effective  size  "f 
grain  is  0.01  mm.  The  variation  of  flow  with  temperature  is  also  imix>rtant,  as  tlk- 
flow  at  70°  F.  is  about  double  that  at  32°  F.  The  variation  in  porosity  is  quit*?  ;b 
important  as  the  variation  in  temperature. 

From  the  table  on  page  155  it  appears  that  if  two  samples  of  the  same  sand  are 
packed,  one  sample  so  that  its  porosity  is  26  per  cent  and  the  other  sample  so  that  \i< 
porosity  is  47  per  cent,  the  flow  through  the  latter  sample  will  be  more  than  seven 
times  the  flow  through  the  former  sample.  If  the  two  samples  of  the  same  sand  an- 
packed  so  that  their  porosities  are  30  per  cent  and  40  per  cent,  the  flow  through  the 
latter  sample  will  be  about  2.6  times  the  flow  through  the  former  sample.  Tht7»e 
facts  should  niake  clear  the  enormous  Influence  of  porosity  on  flow,  and  the  inade- 
quacy of  a  formula  of  flow  which  does  not  take  it  into  account. 

Part  of  the  expression  on  the  right  side  of  formula  (3)  or  (4)  depends  only  iip«»n 
the  character  of  the  soil  through  which  the  water  is  passing.  RepK-fienting  thi.**  l*} 
ky  we  have 

^•=  0.2012  -^^^  =  M€P  (V 

//A 

and  the  formula  for  the  flow  becomes 

which  is  essentially  Darcy^s  formula.  The  constant  k  is  the  quantity  of  water  ifai  i^* 
transmitted  in  unit  time  through  a  cylinder  of  the  soil  of  unit  length  and  unit  cnt-i 
section  under  unit  difference  in  head  at  the  ends.  We  shall  frequently  refer  to  t  a< 
the  transmission  constant,  or  merely  as  the  constant  of  a  soil. 

Rates  of  flow. — It  sliould  be  especially  nott^d  that  the  velocity  of  flow  through  a 
soil  for  the  pressure  gradients  and  size  of  grain  that  commonly  occur  is  excee^lintrly 
slow,  and  niucli  le«s  than  might  at  fii*st  be  supi)osed.  Darton  states  that  the  rate  of  rt«>w 
in  the  sands  of  the  Dakota  formation,  from  which  the  remarkable  artes»ian  well.*'  ff 
South  Dakota  draw  their  supply,  does  not  exceed  a  mile  or  two  a  year.  Mr.  K.  L 
Rogers  reported  to  the  Denver  Society  of  Civil  P^ngineers  that  American  ea?tinmtt':= 
agree  witli  careful  and  exhaustive  studies  of  French  engineers,  which  show  the  aver- 
age velocity  in  sands  to  be  about  a  mile  a  year,  or  about  an  eighth  of  an  inch  a  min- 
ute. In  Arizona  the  rate  has  been  figure<l  out  as  between  one-fourth  and  one-thinl 
of  an  inch  per  minute,  while  on  Arkansas  Kiver  above  Dodge,  Kans.,  a  ditch  a  mile 
long  and  5  feet  below  the  water  table  in  the  sand  developed  a  flow  of  about  thrw- 
eighths  inch  i)or  minute. 
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Vebtrihj  of  tntter  in  fiamU  of  rarioun  effective  size»  of  noil  grain  and  the  maximum  flow  or 

tr(in»miMion  com^ant  for  enrh  soii, 

[Ponjsity,  32  per  oont;  U'lnpenitiirt'.  50°  F.    Results  for  other  porosities  van  Ik*  found  by  the  use  of 
table  on  pa^c  IW,  and  for  other  temtiemtures  hy  the  use  of  table  on  ])aKe  154.] 


•  1.  Diame- 

lerof  soil 

Krain. 

2,  Velocity. 

prt'Msnre 
{gradient  1:1. 

3.  Velocity, 

pressure 
gradient  1:1. 

4.  VeliMMty. 

pressure 
gradient  ICXi 
feet  to  1  mile. 

.').  Maximum 

fl<»w.  or 
transmission 
(xmstant,  k. 

1 

6. 1»frarUhm 
of  num- 
bers In  col- 
umn 5. 

7.  Kindof.«K)Il.' 

1 

Mm. 

Inches  per 
minute. 

Miles  per  year. 

MiU-H  per 
year. 

Cubivftft  Iter 
minutf. 

1 

;       0. 01 

0.0014 

0.0113 

0.  00026 

0.  000036 

5.5569    1 

.02 

.0054 

.  0452 

.00102 

.0(K)144 

6. 1590 

Silt. 

.03 

1 

.0122 

.  1016 

.  00230 

. 000324 

6.5111 

.04 

.0218 

.  1807 

. 00408 

. 000577 

6.7610    ■ 

1 

.05 

.  o;mo 

.  2823 

.  ooaw 

.000901 

6.  9548 

.06 
.07 

.0490 
.  0667 

.  40<i5 
.  5534 

.00918 
.01250 

.001298 
.001766 

7.1132 
7^2471 

Very  fine 
sand. 

.08 

.0871 

.  7228 

.01633 

.  002308 

7.3621 

1 

.09 

.110,S 

.9147 

.  02(M)6 

. 002920 

7.4(554 

1 

'         .10 

.1361 

1.129 

. 02551 

.  003(>05 

7.5569  1 

.12 

.1961 

1.627 

. 03674 

.  0a5192 

7.  7153 

.14 

.2668 

2.  213 

.(VSOll 

.007065 

7.8491 

.15 

.3063 

2.541 

.  05753 

.008112 

7.9091 

Fine  sand. 

i         .16 

.3485 

2.892 

.06382 

.  009228 

7.9651 

.18 

.4412 

3. 659 

.08266 

.01168 

8.0675 

.20 

.  5446 

4.518 

.1021 

.01442 

8. 1590 

.25 

.  8509 

7.058 

.1594 

. 02253 

8.3528  ' 

.30 
.35 

1.225 
1.668 

10.16 
13.  84 

.2296 
.3125 

. 03244 
.04417 

8.5111 
8.6451 

Medium 
sand. 

.40 

2.178 

18.07 

.4081 

.  05768 

8.  7610 

.45 

2.757 

22.87 

.5165 

.  073(X) 

8.  8633 

.50 

3. 403 

28.23 

.6377 

.  09012 

8.9548 

.55 

4.119 

34.17 

.7718 

.1090 

9. 0377 

.60 

4.901 

40.  a5 

.9183 

.  1298 

9.1132 

.65 

5.751 

47.81 

1.077 

.  1523 

9. 1827 

.70 

6.671 

55.  34 

1.250 

.1766 

9.  2471 

Coarse 

.75 

7.660 

63. 53 

1.435 

.2028 

9.  3071 

sand. 

.80 

8.714 

72.28 

1.633 

.2308 

9.3631  ! 

.85 

9.836 

81.57 

1.843 

.2604  - 

9.  4157  < 

.90 

11.03 

91.47 

2.066 

.2920 

9.4654 

1 

.95 

12.28 

101.9 

2.  302 

.  3253 

9.5123 

1.00 

13.61 

112.9 

2.  551 

.  3605 

9.5569    1 

2.00 

54.46 

451.8 

10.21 

1.442 

.  1590 

3.00 

122.5 

1,016 

22.96 

3.244 

.5111 

Finejjrav-    ■ 
el. 

4.00 

217.8 

1,807 

40.81 

5.  768 

.7610 

5.00 

340.3 

2,823 

63.77 

9.012 

.  9548 
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The  table  on  paj?e  [157]  gives  the  velocity  of  movement  of  water  in  sands  of  vari- 
ous grades  for  different  pressure  gradients.  Column  1  gives  the  effective  size  of  the 
soil  grains  in  millimeters.  As  already  stated,  this  size  is  such  that  if  all  grain?  were 
of  that  diameter  the  soil  would  have  the  same  transmission  capacity  that  it  actualk 
has;  column  2  gives  the  velocity  of  flow,  or  the  rate  at  which  the  water  move?? 
through  the  ground  in  inches  per  minute  under  a  pressure  gradient  of  1  foot  differ- 
ence in  head  to  each  foot  of  distance;  column  3  gives  the  velocity  of  flow  reduced  t^ 
miles  per  year,  the  pressure  gradient  being  the  same  as  in  column  2;  column  4  giv«^ 
the  velocity  of  flow  in  miles  per  year  under  a  pressure  gradient  of  100  feet  to  the  mile. 
The  velocity  for  a  pressure  gradient  of  10  feet  to  the  mile  would  be  one-tenth  of  thf 
numbers  in  this  (fourth)  column,  and  so  on  for  other  gradients;  column  5  gives  the 
actual  discharge  in  cubic  feet  per  minute  for  each  square  foot  of  cross  section  if  the 
pressure  gradient  be  1  foot  difference  in  head  in  each  foot  of  distance.  For  the  pres- 
sure gradient  of  1  foot  difference  in  head  for  each  100  feet  in  distance  the  flow  per 
square  foot  will  be  0.01  of  the  tabulated  numbers,  and  so  on  for  other  gradients.  Th« 
numbers  in  this  (fifth)  column  have  also  been  called  the  'transmission  constant^/ 
and  have  been  represented  in  the  formulas  by  k. 

Relative  flow  of  tvater  through  sands  of  same  effective  size  grain,  but  packed  so  a*  topos^m 

different  porosUies. 


l»oro8ity,  or 

per  cent  of 

voids. 

Relative 
flow. 

30 
32 
34 
36 
38 
40 

0.81 
1.00 
1.22 
1.47 
1.76 
2.09 

Maximum  flow. — Inasmuch  as  the  flow  of  ground  water  is  nearly  always  caused  br 
a  difference  in  head  due  to  gravity  only,  the  maximum  flow  that  is  possible  is  foand 


cnADicirr  n 
Maximum  flow 


ORAOrClfT  l:IA 

Row  '9U  maximum 


ttukmtmr  ti 

Flow  Vk  mAm 


•T^ 

^^ 

1 

■-  1.  .  . 

1 

-'.■/'■-/' 

1 

■'■  *  "'  - .'  ' 

1 

1 

"V    :  ■'..,     ";" 

^ 

■-»"    - .  .  ; 

1 

1 

1 

1 

r 

1 

1 

1 

^ 

Fi6.  22  (7  of  Slichter).— Diagram  illustrating  various  pressure  gradients  and  the  maximum  flow 
In  these  three  cases  the  upper  portions  of  the  soil  columns  are  supposed  to  be  supplied  with  water  as 
fast  as  it  can  flow  through  the  columns.    The  escape  at  X.  Y.  Z  is  supposed  lo  be  perfectly  free.    Tbe 
head  under  which  the  flow  takes  place  is  h  in  each  case,  as  shown  at  the  left  of  the  ^gure.    TtK* 

various  lengths  of  the  soil  columns,  ^i,  ^,  and  I3  produce  the  pressure  gradients  h//|  =  l;  hJ:=-j-^: 
and  hil^^k,  respectively,  with  the  resulting  flows  in  proportion  if  tbe  material  in  the  various coiumcs 
be  tbe  same. 
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in  the  case  in  which  the  ground  water  is  free  lo  move  in  a  vertical  direction,  as  in  a 
perfectly  iinderd rained  sand-Slter  bed.  The  motion  in  this  case  is  due  to  the  weight 
of  the  water  of  eaturation,  and  the  flow  is,  of  course,  greater  than  would  lie  the  case 
it  the  water  were  obliged  to  flow  in  a  direction  incUned  to  the  vertiial  instead  of 
in  the  vertical  direction,  as  supposed.  These  (acta  are  illuBtrat^Kl  in  fig.  23.  The 
flow  iu  the  caae  of  pressure  gradient  1:1  forms  a  most  convenient  basis  for  calcula- 
tion, and  it  is  freiguently .called,  as  suggested  by  Hazen,  the  msTiinium  flow.  The 
flow  for  any  other  gradient  is  immediately  calculable  from  the  maximum  flow— for 
a  gradient  1:100  the  flow  being,  of  course,  one  one-hundredth  of  the  maximum  flow. 
The  appropriateness  of  the  term  maximum  flow  is  illustrated  by  fig.  23,  which 
shows  the  original  water  table  and  the  depressed  water  table  due  to  the  construction 
of  a  drainage  ditch.  It  isjtlain  that  the  pressure  gradient  for  all  of  the  streams  of 
flow  marked  by  arrowheads  is  lees  than  the  gradient  1:1.  If  the  wetted  area  of 
the  ditch  be  multiplied  by  the  maximum  flow  for  the  kind  of  material  in  which  the 
ditch  haA  been  excavatetl,  the  flow  thus  computed  will  in  every  case  exceed  the  flow 
actually  determincil  by  measurements  of  the  yield  of  the  ditch. 


no.  23  (Sof  Sllcliter).— mafiramabowlnirlliiesof  flow  Into  adnlnagedltch  snd  tbe  shape  of  tbe 
vitor  table  in  lu  neighborhood.  The  head  under  wblcb  the  flow  takes  pUi^e  is  the  diflerencein 
height  ol  the  originiil  water  table  and  the  level  of  the  surface  nt  [he  valet  in  the  dllch.  Thla  ip 
much  le«  than  the  lengths  of  the  curved  linen  of  thi'  flow  into  Ibe  dlicb,  hence  the  rale  ot  Bnw  must 

VdocUy  of  flow.— There  is  not  uniformity  in  the  use  of  the  term  velocity  as  applied 
to  t))e  motion  of  ground  waters.  We  use  the  term  to  express  the  rate  (measured  as 
so  many  feet  a  day,  etc.)  at  which  the  water  advances  through  the  porous  mediimi, 
irrespective  of  the  amount  of  water  thus  advancing.  The  amount  of  ground  water 
(measured  in  cubic  feet  per  minute,  etc. )  passing  through  a  given  cross  section  the 
writer  has  called  the  flow  or  the  discharge.  It  is  equal  to  the  velocity  multiplied 
by  tbe  porosity.  Some  measure  velocity  as  a  rate  of  motion  in  a  solid  column  of 
same  area  as  the  cross  section  of  the  porous  medium.  This  is  the  same  magnitude 
which  we  have  called  flow. 

la  using  the  table  on  page  157  one  should  use  (he  numbers  in  columns  2,  3,  or4if  the 
velocity  of  ground  water  is  wanted,  but  should  pass  lo  column  5  if  the  flow  or  yield 
is  requii^.  Thus,  suppose  it  is  desired  to  find  the  rate  ot  motion  of  ground  water 
through  a  bed  ot  sand  which  slopes  10  teet  to  the  mile:  The  results  can  be  found 
tor  various  materials  and  grades  of  material  by  dividing  the  numbers  in  column 
4  by  10,  since  a  slope  of  10  teet  to  a  mile  will  cause  but  one-tenth  of  the  velocity 
existing  for  a  slope  ot  100  teet  to  a  mile.  For  materials  of  various  grades  we  obtain 
the  following  results: 

Vflocity  of  groundwater  in  materiaU  of  different  grada,  profure  ^adient  10  feel  per  mile. 


Material. 

p'Sr 

Feel  per 
year. 

Fine  sand,  0.2  mm 

diameter 

'    0.010 

62.  S 

Medium  sand,  0.4 

'       .041 

216.0 

Coarse  sand,  0.8  m 

m.  diameter 

1       .18 

845.0 

Fine  gravel,  2  mm 

i     '■" 

5,368.0 
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Example. — Suppose  that  it  is  desired  to  ascertain  the  amount  of  water  that  will 
pass  through  a  bed  200  feet  deep  and  1,000  feet  wide,  having  the  same  slope  as  that 
just  mentioned.  This  problem  requires  us  to  find  the  flow,  and  the  numbers  u*d 
in  the  computation  should  therefore  be  taken  from  column  5  of  table  on  page  157. 
The  flow  for  one  square  foot  of  cross  section  of  the  bed  will  be  ^IJ^  of  the  maxi- 
mum flow  given  in  that  column  for  material  of  various  grades,  and  the  total  flowi? 
found  by  multiplying  the  maximum  flow  by  ijjgjy  X  200  X  1,000,  which  gives  tht- 
following  results  for  the  same  materials  described  in  the  preceding  table: 

Fiow  of  ground  vxUer  in  materials  of  different  grades  through  a  bed  of  vertical  cross  strt'h'r 

200  by  1,000  feet,  sloping  10  feet  per  mile. 

^  Cubic  fet-t  per  miniiif 

Fine  sand h.'^ 

Medium  sand 22. 0 

Coarse  sand 87. 0 

Fine  gravel 5415.  n 

The  estimates  in  the  table  on  page  157  were  based  upon  a  pora«ity  of  32  per  cent. 
For  other  porosities  the  results  must  be  changed  by  the  percentages  shown  in  tlu- 
table  on  page  158.  Thus  all  of  the  results  just  found  must  be  increa^sed  by  about  'Xl 
per  cent  if  the  porosity  of  the  material  be  35  instead  of  32  per  cent. 

FACTORS   IN   SLICIITER's   METHOD. 

In  order  to  apply  the  principles  above  quoted  it  is  necessary,  in  addi- 
tion to  the  facts  already  stated,  to  know  (1)  the  area  of  croes  section 
through  which  the  underflow  passes;  (2)  the  porosity  of  the  material: 
and  (3)  the  temperature  at  the  depth  at  which  the  flow  occurs. 

Area  of  cross  sectimi, — On  the  assumption  that  the  principal  source 
of  the  underflow  is  Salt  River,  and  that  the  underflow  passes  in  {larl 
down  the  present  valle}^  past  Tempe  and  in  part  to  the  south,  east  of 
the  Salt  River  Mountains,  it  is  evident  that  the  open  plain  between 
Tempe  and  the  Salt  River  Mountains  and  between  the  Salt  River  and 
Sacaton  mountains  gives  a  measure  of  the  width  of  the  underflow. 
Since  the  principal  part  of  this  underflow  passes  through  the  bowlder 
beds  and  comparatively  little  through  the  finer  material,  the  practical 
width  of  the  underflow  is  much  less  than  the  spaces  indicated  between 
the  mountains.  For  all  pi-actical  purposes  the  width  of  the  underflow 
probably  does  not  diflfer  materially  from  that  given  in  the  sections 
on  PI.  XXI,  or  about  15  miles. 

The  thickness  of  the  bowlder  beds  can  not  be  stated  with  anv  decree 
of  accuracy'',  since  many  of  the  wells  do  not  reach  the  bottom  of  the 
bowlders.  The  thickness  varies  greatly  from  place  to  place,  but  in 
general  is  greater  n^ar  the  center  of  the  bed  than  at  the  sides,  as  indi- 
cated in  the  sections  just  referred  to.  The  wells  in  the  regions  near 
these  sections  penetrate  on  the  average  about  150  feet  of  gravel  and 
l)owlders.  Neglecting,  then,  the  finer  materials  through  which  a  minor 
quantity  of  water  finds  its  way,  and  neglecting  the  unknown  thickne.'^s 
of  bowlders  which  the  wells  do  not  penetrate  there  remains  an  avewge 
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depth  of  150  feet  across  a  width  of  15  miles,  or  11,880,000  square  feet, 
as  the  working  area  of  cross  section  of  the  underflow.  The  actual  area 
of  cross  section  is  greater  than  this,  owing  to  the  unknown  thickness 
of  the  bowlder  beds  left  out  of  account,  but  how  much  greater  is  not 
known.  In  order  to  keep  well  on  the  side  of  conservatism  the  figure 
is  made  no  larger  than  known  facts  warrant. 

Temperature, — Since  the  volume  of  water  passing  as  underflow 
varies  with  the  temperature,  the  temperature  of  several  wells  was 
determined,  as  follows: 

Temperature  of  wells  in  Salt  River  Valley,  Arizona,  in  1904- 


Location. 


Well. 


Town- 
ship. 


RanKe. 


Depth. 


I 

('ongolidatocl  Canal  Co.  No.  1 . . .  IS. 

Do IS. 

Murphy-McQueen IN. 

Do 1  N. 

E.  F.  ivellner IN. 

Valley  Set-'llesp  Grape  Co IS. 


5  E. 
5E. 
5E. 
5E. 
1  E. 
4E. 


8w- 
tion. 

Ftet. 

22 

375 

22 

150 

34 

340 

34 

150 

6 

324 

4 

319 

Tempera- 
ture. 


Time. 


°F. 

84.6 

81.1 

78.1 

77.6 

82.3 

74.4 


January  19. 

Do. 
January  20. 

Do. 
January  15. 
December. 


With  the  exception  of  the  Kellner  well,  the  wells  in  which  the  tem- 
perature was  determined  are  those  in  active  operation.  The  lowest 
horizons  at  which  readings  were  obtained  are  below  the  lx)ttom  of  the 
bowlder  bed.  In  two  wells  readings  were  taken  at  a  depth  of  150  feet. 
The  temperature  at  this  depth  is  the  temperature  of  the  water  of  the 
underflow,  since  at  that  depth  the  thermometer  was  in  the  midst  of  the 
}K)wlder  bed. 

An  inspection  of  the  tai)le  indicates  a  considerable  diversity  of  tem- 
perature. In  the  case  of  wells  in  which  readings  were  taken  at  more 
than  one  depth  the  downward  increase  in  temperature  differs  mate- 
rially. In  the  Consolidated  Canal  Company  well  an  increase  down- 
ward is  shown  of  3.5^  F.  in  250  feet,  while  in  the  Murph^^-McQueen 
well  an  increase  of  only  0.5^  F.  occurred  in  190  feet.  It  is  probable 
that  the  circulation  of  the  underground  water  causes  the  differences 
in  the  temperature.  Since  the  waters  of  the  underflow  follow  the 
paths  of  least  resistance,  a  certain  quantity  of  water  may  be  near  the 
surface  at  one  point  and  in  the  course  of  its  journey  be  far  beneath 
the  surface  at  another  point.  This  circulation  of  the  water  tends  to 
destroy  the  regularity  in  the  increase  of  temperature  downward  which 
might  otherwise  obtain.  Variations  such  as  those  indicated  above  arc 
to  be  expected. 

IBR  136—05 U 
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Since  there  is  no  uniformity  of  temperature,  the  degree  chosen  to 
represent  the  average  temperature  is  a  matter  of  judgment.  The 
average  of  the  temperatures  indicated  in  the  table,  79.7^  F.,  is  obvi- 
ously not  representative.  The  Kellner  well  is  not  in  the  direct  under- 
flow, so  far  as  known,  and  the  vineyard  well,  while  near  the  edge  of 
the  bowlder  bed,  is  principal!}^  in  tine  material,  and  the  freedom  of  its 
connection  with  the  main  underflow  is  a  matter  of  doubt.  The  two 
wells  from  which  the  first  four  readings  given  above  were  obtained 
are  in  the  midst  of  the  underflow^  and  are  among  the  most  representa- 
tive wells  of  the  valley.  The  average  of  these  four  readings,  80.3"  F,, 
probably  represents  with  some  accuracy  the  average  temperature  of 
the  underflow.  Eighty  degrees  has,  therefore,  been  chosen  as  the 
value  of  t  for  substitution  in  Slichter's  formula. 

IWomty. — According  to  the  principles  laid  down  by  Slichter,  the 
velocity  of  flow  depends  upon  porosity,  and  this  in  turn  upon  the  size 
of  grain.     The  size  of  grain  is  determined  as  follows:" 

In  order  to  give  expression  to  the  variety  of  sizes  present  in  a  sample,  Hazen  intro- 
duces a  number  known  as  the  uniformity  coefficient.  To  determine  this  magnitude, 
first  find  the  size  of  sand  grain  which  is  such  that  60  per  cent  of  the  material  is  of 
smaller  grains  and  40  per  cent  of  larger  grains.  This  result,  w4ien  divided  by  the 
effective  size  of  soil  grain  of  the  entire  sample,  gives  the  uniformity  coeflBrient. 
Thus,  if  60  per  cent  of  a  sample  be  finer  than  0.62  mm.  and  10  per  cent  be  finer  than 

0.25  mm.,  the  unifonnity  coefficient  is  K^^^^  ^^  ^i*  Hazen  concludes  from  his  experi- 
mental work  that  the  10  per  cent  of  small  grains  in  a  sample  of  a  natural  sand  or  f^A\ 
has  the  same  influence  on  the  flow  water  as  the  90  per  cent  of  large  grains,  pronde*! 
the  uniformity  coefficient  does  not  exceed  5. 

In  order  to  obtain  the  porosity  of  the  gravels  of  Salt  River  Valley 
through  which  the  underground  waters  flow,  samples  were  taken  at 
six  localities,  as  follows: 

Derivatvm  of  gravels  sampled  far  mechanical  analyses. 


Name. 


Riverbed 

Geo.  U.  Collins 

One-half  mile  north 
of  Collins's. 

N.  r.  McCallum-... 

D.  B.  Heard 

Murphy-McQueen  . 


liocation. 


Town- 
ship. 


1  N, 

1  N. 


Range. 


Sec- 
tion. 


Depth. 


Remarks. 


3K. 
2E. 


1  N.  '  2  E. 


20 

15 

10 


IN. 

1  N. 
1  N. 


2  E.         24 


4K, 
5  E. 


'SO 
34 


Fed. 


South  of  Phoenix. 


25     Fully    half    the    material    wa^ 
I      bowlders  more  than  1  inch  in 
diameter. 


()0  '  Samples  taken  from  mnd  pump 
while  well  was  drilling. 

Do. 


/rt 


34     Samples  taken  at  water  level  in 
I      the  open  shaft. 


"Slichter,  Charles  8..  The  motionH  of  underground  waters:  Water-Sup.  and  Irr.  I'aper  No.  67,  l'. 
(Jeol.  Survey,  1902,  p.  22. 
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An  effort  was  made  to  select  th»  samples  in  such  a  manner  that 
they  would  be  representative  of  the  material  from  which  the  best 
pumping  plants  draw  their  supply.  It  will  be  noted  that  the  samples 
are  all  from  the  regions  previously  indicated  as  containing  the  bowl- 
der beds.  While  onlj^  one  sample  is  from  the  Mesa  region,  it  is  prob- 
able that  the  material  represents  the  gravels  there  as  faithfully  as  it 
does  those  of  the  Phoenix  region.  The  samples  are  taken  directly 
from  the  native  material,  as  exposed  in  the  sides  of  the  well,  and  are 
thought  to  represent  adequately  the  best  water-bearing  material  of 
the  valley. 

In  each  case  the  proportion  of  material  more  than  1  inch  in  diame- 
ter is  estimated  as  half  the  sample.  Since  bowlders  occur  2  feet  in 
maximum  diameter  it  is  obvious  that  no  account  of  them  can  be  taken 
in  a  small  sample.  It  is  certain  that  in  some  cases  the  proportion  of 
large  material  is  greater  than  half.  Pebbles  1  inch  or  more  in  diam- 
eter were  discarded  and  the  remainder  passed  through  standard  sieves 
of  sizes  indicated  in  the  following  table.  The  work  was  done  at  the 
assay  office  of  J.  Q.  A.  King,  of  Phoenix,  and  the  weight  of  the  vari- 
ous sizes  of  material  was  accuratelv  determined  as  indicated  below: 


Mechanical  analyses  of  the  ivaier-hearing  material  of  Salt  River  Valley. 


RIVER 

GRAVELS. 

Qoantity 

pa»dng  each 

sieve  in  grams. 

Per  cent  of 

total  weight 

of  grains  less 

than  1  inch  in 

diameter. 

1 

Sie\re 
marked. 

Size  of 

separation  of 

the  sieve  in 

millimeters. 

Quantity  held 

by  each  sieve 

in  grram.s. 

Per  cent  of 

total  weight 

of  entire 

sample. 

«  0. 158 
.152 

31.1 

120 

3.1 

31.1 

6.3 

3. 15 

100 

.182 

29.6 

34.2 

8.9 

4.45 

80 

.235 

25.8 

63.8 

12.8 

6.4 

60 

.320 

50. 0                89. 6 

17.9 

8.95 

50 

.390 

97.  2               139.  6 

27.9 

13. 95 

40 

.460 

225.0     '          2.36.8 

47.3 

23.65 

20 

.930 

23.6               461.8 

92.6 

46,3 

10 

2.040 

3. 1               485. 4 

97.7 

48.85 

6 

3.900 

10.4 

488.5 

97.9 

48.95 

&3.900 

498.9 

510.4 

52.1 
^.43 

1 

<^.21 

a  Less  than. 

bLaigei 

r  than. 

e££Fectivesiz 

e. 
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Mechanical  analyses  of  the  ivater-bearing  material  of  SaU  River  VaUey — Ck>ntiiiued. 

GEORGE  U.  COLLINS. 


120 
100 
80 
60 
50 
40 
20 
10 
6 


Sieve 
marked. 

Size  of 
separation  of 
the  sieve,  in 
millimeters. 

Quantity  held 

by  each  sieve, 

in  grams. 

Quantity 

passing  each 

sieve,  in 

grams. 

1 

Per  cent  of 

total  weiffht 

of  grains  less 

than  1  inch  in 

diameter. 

Per  cent  of 

total  weight 

of  entire 

sample. 

' 

«  0. 152 
.152 
.182 
.235 
.320 
.390 
.460 
.930 
2.040 
3.900 

ft  3.  900 

20.5 

.8 

14.5 

14.5 

23.1 

47.1 

167.1 

35.7 

17.7 

159. 5 

500.5 

120 

0 

100 
80 
60 
50 
40 
20 
10 
6 

20.5 

21.3 

35.8 

50.3 

73.4 

120.5 

287.6 

323.3 

341.0 

659.5 

4.1 
4.2 
7.2 
10.6 
14.7 
24.1 
57.5 
64.6 
68.2 

2.05 

2.1      1 

3.6 

5.3 

7.35 
12.  a5 
28.75 
32.3      ' 
34.1 
65.9 

^.31 

<^.43 

ONE-HALF  MILE  NORTH  OF  COLLINS'S. 


fl  0. 152 

10.5 
1.0 

.152 

10.5 

2.1 

L05 

.182 

11.3 

11.5 

2.3 

1.15 

.235 

10.7 

22.6 

4.5 

2.25 

.320 

18.6 

33.3 

6.7 

3.35 

.390 

25.7 

51.9 

13.8 

6.9 

.460 

117.5 

77.6 

15.5 

7.75 

.930 

126.5 

195.1 

39.0 

19.50 

2.040 

53.2 

321.6 

64.5 

32.25 

3.900 

124. 5 

374.8 

74.9 

37,45 

ft  3. 900 

499.5 

624.5 

62.6 

«^.35 

a  Less  than. 


2>Lergerthan. 


c  Effective  size. 
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Mechanical  analyses  of  the  wcUei'-bearing  maierial  of  Salt  River  Valley — Continued. 

N.  P.  McCALLUM. 


1 

1 

Sieve 
marked. 

Size  of 

separation  of 

the  sieve,  In 

millimeters. 

Quantity  held 

by  each  sieve, 

in  grams. 

Quantity 

passing  each 

sieve,  in 

grams. 

Per  cent  of 

total  weight 

of  grains  less 

than  1  inch  in 

diameter. 

Per  cent  of 

total  weight 

of  entire 

sample. 

0  0. 152 
.152 
.182 
.235 
.320 
.390 
.460 
.930 
2.040 
3.900 

ft3.900 

21.9 
1.7 
12.2 
14.3 
24.8 
49.9 

220.5 
66.6 
17.6 
63.5 

499.0 

120 
100 
80 
60 
50 
40 
20 
10 
6 

21.9 

23.6 

41.8 

56,1 

80.9 

130.8 

351.3 

417.9 

435.5 

563.5 

4.4 
4.7 
8.4 
11.2 
16.2 
26.2 
70.4 
81.9 
87.2 

2.2 
2.36 
4.2 
5.6 
8.1 
13.1 
35.2 
40.95 
43.60 

<5.29 

C.42 

D.  B.  HEARD. 


■ 

c  0. 152 
.152 

12.4 
.9 

120 

12.4 

2.5 

1.25 

100 

.182 

9.4 

13.3 

2.7 

1.35 

80 

.235 

7.7 

22.7 

4.5 

2.25 

60 

.320 

13.7 

30.4 

6.1 

3.05 

50 

.390 

21.7 

44.1 

8.9 

4.45 

40 

.460 

106.0 

65.8 

13.2 

6.6 

20 

.930 

80.0 

171.8 

34.4 

17.2 

10 

2.040 

45.5 

251.8 

50.5 

25.1 

6 

3.900 

201.5 

297.3 

59.6 

29.8 

^3.900 

498.8 

701.5 

«.43 

c.b6 

a  Less  than. 


fr  Larger  than. 


c  Effective  size. 


166       UNDEBGBOUND   WATERS   OF   SALT   BIVER   VALLEY.       [so.  136. 


Mechanical  analyses  of  the  water-bearing  material  of  Salt  River  Valley — Continued. 

MURPHY-McQUEEN. 


Sieve 
marked. 

Size  of 
separation  of 
the  fdeve,  in 
millimeters. 

Quantity  held 

by  each  sieve, 

in  grams. 

Quantity 
passing  each 

sieve,  in 
.  grams. 

1 

f^^'iwSfX        Per  cent  of 
nVSlS.Jfii  '   total  weight 

diameter.            »nipie. 

1 

«  0. 152 
.152 
.182 
.235 
.320 
.390 
.460 
.930 
2.040 
3.900 

^3.900 

32.7 
1.6 
20.5 
12.2 
26.0 
42.7 
138.5 

• 

61.5 
32.25 
130.0 
497.95 

120 
100 
80 
60 
50 
40 
20 
10 
6 

32.7 

34.3 

54.8 

67.0 

93.0 

135.7 

274.2 

335.7 

367.95 

532.  25 

6.5 
6.9 
10.9 
13.5 
18.7 
27.7 
55.1 
67.2 
73.9 

3.25 
3.45 
5.45 
6.75 
9.35 
13.85 
27.55 
33.6 
36.8 
53.3 
«.42 

C.26 

a  Less  than. 


b  Larger  than. 


<^  Effective  size. 


Following  the  example  given  by  Slichter,  the  results  of  the  mechan- 
ical analyses  were  tabulated,  and  the  effective  sizes  determined  for 
each  sample,  as  shown  in  the  following  table: 

Effective  size^  and  uniformity  coefficients  of  material  from  Salt  River  Valley  as  determiiu^d 

by  Hazen^s  method. 


River  gravel 

Geo.  U.  Colling 

One-half  mile  north  of  Collins's 

N.  P.  McGallum 

D.  B.  Heard 

Murphy-McQueen 


Average 


Diameters  of 
effective  size 
of  total  (Sim- 
ple, in  milli- 
meters. 


0.43 
.43 
.55 
.42 
.56 
.42 


.47 


Diameters  of 
effectivesizeof 
material  lees 
than  1  inch  in 
diameter,  in 
milllmeteri. 


0.21 
.31 
.35 
.29 
.43 
.26 


.31 


Uniformitv  c«> 
efficient  for 
material  Ie«> 

than  1  inch  in 
diameter. 


2.47 

2.S4 

4.S6 

2.31 

9.3 

4.61 


o  By  effective  size  is  meant  a  diameter  of  grain  such  that  10  per  cent  of  the  sample  is  leas  than  that 
size.  It  is  determined  bv  the  inlerseotion  of  the  curve  and  the  10  per  cent  line.  The  effective  siie 
differs  materially  according  to  the  choice  of  material,  as  indicated  in  the  foregoing  tabulation. 
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An  application  of  Slichter's  formula  to  the  underflow  of  Salt  River 
Valley,  using  the  effective  size  thus  obtained,  gives  results  which  are 
obviously  erroneous,  since  the  (juantity  of  underflow  thus  indicated  is 
notably  less  than  the  quantity  known  to  return  to  the  surface  and 
measured  as  water  actually  diverted  for  irrigation  purposes. 

A  sample  of  the  gravels  was  sent  to  Professor  Slichter  and  tested  in 
his  apparatus.  The  sample  was  taken  from  George  U.  CoUins's  well, 
and  probably  represents  the  water-bearing  gravels  of  the  valley  as 
well  as  any  single  sample  can  represent  them.  The  quantity  of  ma- 
terial rejected  as  too  large  to  handle  was  about  one-half.  The  finer 
material  was  analyzed  by  Professor  Slichter  for  porosity  and  effective 
size.     I  quote  from  his  lettera  as  follows: 

Madison,  Wis.,  March  eo,  1904. 
******* 

I  have  gone  over  the  samples  of  gravel  you  sent  with  the  following  results: 

Porosity:  The  porosity  of  the  sample  of  gravels,  after  carefully  tamping  them  in 
the  aspirator  tube,  was  found  to  be  40.3  per  cent. 

Effective  size:  The  fine  porticm  of  the  sample  that  will  go  through  a  No  8  sieve 
was  used  for  the  determination.  Triplicate  determinations  give  for  effective  size  of 
this  portion  of  the  sample  0.716  mm.  The  effective  size  of  the  actual  material  you 
sent  is  slightly  greater,  but  our  aspirator  tubes  are  such  that  I  can  not  safely  intro- 
duce large  pebbles  into  the  instrument.  I  shall  make  an  actual  test  with  water  of 
the  entire  sample  as  soon  as  I  can  do  so. 

Hazen's  10  per  cent  is  worthless  for  nearly  all  western  gravels.  1  have  never  yet 
found  a  sample  of  heterogeneous  gravel  that  will  test  to  correspond  with  his  10  per 
cent.  The  50  per  cent  line  is  frequently  alx)ut  correct,  although  even  this  is  often 
far  from  the  true  value. 

Chas.  S.  Slighter. 

Madison,  Wis.,  April  4,  1904. 

About  two  weeks  ago  I  sent  you  results  of  tests  of  gravels  from  Collinses  well  by 
aspirator  method.     I  inclose  herewith  further  data. 

After  picking  out  the  larger  pebbles  I  separated  the  larger  particles  by  standard 
sieves,  and  after  each  sifting  determined  porosity  and  effective  size  of  the  gravel 
passing  the  sieve.  The  gravels  were  packed  in  the  cylinder  by  tamping  while  poured 
in  place  very  slowly,  and  an  effort  was  made  to  pack  as  closely  as  possible.  You 
will  note  that  the  porosity  changes  greatly,  and  that  the  removal  of  the  larger  grains 
has  a  tendency  to  lower  the  effective  size  of  the  sample,  with  one  or  two  notable 
exceptions. 

I  believe  that  the  larger  grains  necessarily  omitted  from  the  sample  probably  would 
increase  the  effective  size  if  we  could  use  them.  You  will  note  that  Hazen's  10  per 
cent  is  perfectly  useless  for  all  of  the  samples  in  the  table.  The  50  per  cent  line  gives 
a  value  of  grain  nearer  the  true  mean. 
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Gravel  from  George  U.  Collinses  wellj  Salt  River  Valley,  Arizona. 


No.  of 
sieve. 

Per  cent 

of  nample 

held. 

Per  cent 

of  sample 

pas»ea. 

Porosity  of 
"pass." 

Effective 

size  of 

••pass,"  in 

millimeters. 

0.727 

Transmission 
constant  of 
"pass"  at  tem- 
perature i»°F.. 
in  cubic  feel 
per  minute. 

2 

6.6 

93.4 

38.1 

0.511 

8 
10 

40.0 
38.6 

.716 
.63 

.602 

16.3 

83.7 

.400 

12 

17.4 

82.6 

40.3 

.68 

.543 

14 

19.7 

80.3 

39.5 

.63 

.428 

16 

22.0 

78.0 

39.7 

.63 

.440 

18 

2.3.6 

76.4 

39.6 

.62 

.427 

20 

25.8 

74.2 

40.6 

.71 

.597 

30 

44.1 

55.9 

41.0 

.56 

.382 

40 

67.8 

32.4 

40.6 

.42 

.209 

Chas.  S.  Slichtkr. 


APPLICATION    OF   SLIOnTER  H    METHOD. 


It  will  be  noted  from  the  contours  of  the  water  table  that  the  inclina- 
tion of  the  table  varies  from  5  to  20  feet  per  mile,  the  inclination  on 
the  avemge  being  practically  the  same  as  that  of  the  land  surface. 
The  gradient  is  pra(*tically  10  feet  to  the  mile  where  the  princijwl 
underflow  occurs.  This  figure  is  therefore  used  in  the  following  com- 
putation. 

The  porosity,  as  previously  stated,  may  rejisonably  be  assumed  a.< 
40  per  cent,  the  efl'ective  size  as  0.72  mm.,  and  the  temperature  as  so 
F.  In  order  that  the  quantity  of  underflow  ma}'  be  expressed  in  acre- 
feet  per  year,  the  number  of  minutes  in  one  year  is  placed  above  the 
line  and  the  number  of  cubic  feet  in  1  acre-foot  of  water  beneiith  the 
line. 

Applying  local  values,  therefore,  Slichter's  formula  becomes: 


2 


!?  = 


11.3  X  10  X  .72  X  11880000  X  525(500 


-  [1  +  .0187(8<^32)] 


5280  X  43500  X  20.318 

acre-feet  per  year. 

Solving  this  equation  we  have  148,196  acre-feet  per  year  as  the 
quantitative  measure  of  the  underflow  of  Salt  River  Valley,  or  a  rate  of 
flow  of  about  1,360  feet  per  year.  In  other  words,  assuming  that  the 
values  chosen  are  correct,  a  quantity  of  water  sufficient  to  cover  148.1i^6 
acres  of  land  1  foot  deep  each  year  enters  the  gravels  of  the  valley 
and  works  its  way  at  the  rate  of  1,360  feet  per  year  through  the  valley 
fill.  This  is  not  a  measure  of  the  quantity  of  water  in  the  gravels  at 
any  one  time,  but  a  measure  of  the  quantity  which  passes  any  given 
cross  section  of  the  valley  in  one  year. 
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COMPARATIVE   DATA    PROM   OTHER   REGIONS. 

Owing  to  the  great  impoi'tance  of  arriving  at  an  estimate  as  nearly 
correct  as  possible  of  the  quantity  of  underflow  it  may  be  profitable  to 
consider  it  from  different  standpoints.  There  are  so  many  unknown 
factors  and  so  many  varying  conditions  that  no  quantitative  estimate 
can  be  final.  Such  estimates  are,  however,  of  illustrative  value  in 
giving  a  measure  of  possibilities. 

Observations  have  been  made  on  the  rate  of  movement  of  under- 
ground waters  at  many  localities.  L.  C.  Carpenter  has  published  a 
paper ^  giving  the  results  of  his  study  on  the  rapidity  of  underflow, 
from  which  the  following  quotation  is  taken: 

Near  Montrose,  Colo.,  the  velocity  was  found  to  be  about  1  mile  per  year.  At 
Fort  Morgan,  Colo.,  15  feet  per  day,  or  a  little  more  than  1  mile  per  year  in  soil  and 
sand.  On  the  Hoover  ditch  the  velocity  is  3.6  feet  per  day,  or  314  feet  per  year  in 
sand. 

In  the  paper  previously  quoted,  Professor  Slichter  gives  rates  of 
movement  of  underground  water  as  follows: 

Weldon  Valley  canal,  li  miles  in  five  years,  or  1,584  feet  per  year.  Larimer 
County  canal,  40  rods  in  five  years,  or  132  feet  per  year.  Near  Greeley,  Colo. ,  2i  miles 
in  ten  years,  or  1,320  feet  per  year.  King  River,  California,  4.8,  4.3,  and  16  feet  per 
day,  or  1,792, 1,580,  and  584  feet  per  year.  Centerville  canal,  California,  16  feet  per 
day,  or  5,840  feet  per  year.  Kingsbury  canal,  California,  52  feet  per  day,  or  3.6  miles 
per  year.  Arkansas  River,  Kansas,  2J  feet  per  day,  or  913  feet  per  year.  Near  Gar- 
den, Kans.,  12  feet  per  day,  or  4,380  feet  per  year.  Hondo  and  San  Gabriel  rivers, 
California,  3J,  4,  5J,  and  7  feet  per  day,  or  1,278, 1,460,  2,008,  and  2,555  feet  per  year. 

To  the  above  data  may  be  added  the  observations  mentioned  in 
Chapter  1,  that  the  underflow  is  made  evident  through  the  Bowen  well 
b}'  the  collection  at  one  side  of  floating  bodies,  and  that  in  the  Collins 
well  floating  blocks  of  wood  indicate  a  current  suflSciently  swift  to  be 
plainly  visible  to  the  observer.  This  was  noted  on  three  different 
occasions  each  time  after  the  well  had  been  undisturbed  for  several 
days.  On  each  occasion  the  velocity  was  practically  the  same  and 
appeared  to  be  affected  by  nothing  except  the  normal  movement  of 
the  underflow. 

From  the  above  data  it  appears  that  the  rate  of  underflow  as  meas- 
ured in  several  localities  varies  from  a  minimum  of  132  feet  per  year 
to  a  maximum  of  3.6  miles  per  year.  Because  of  the  application  to 
follow,  however,  it  should  be  noted  here  that  the  material  through 
which  the  water  passed  at  the  above  rate  is,  for  the  most  part,  soil  or 
comparatively  fine  sand.  In  no  case  described  is  the  material  so  coarse 
as  that  occurring  in  Salt  River  Valley. 

a  Carpenter,  L.  C,  Seepage,  or  return  waters,  from  irrigation:  Colo.  Agric.  Exp.  Sta.  Bull.  No.  33, 1896. 
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Viewing  the  problem  from  another  standpoint,  there  is  available  for 
pumping  in  the  gravels  at  the  present  time,  provided  none  escape, 
water  in  sufficient  quantity  to  cover  the  336,000  acres  to  a  depth  of  14 
feet.  This  water  if  applied  to  200,000  acres,  the  estimated  area  culti- 
vated in  Salt  River  Valley,  would  supply  the  entire  area,  allowing  4 
acre-feet  of  water  per  acre  per  3^ear,  for  nearly  40  years. 

It  should  be  stated  in  this  connection  that  the  immense  quantity-  of 
water  contained  in  the  gravels  is  continually  moving  down  the  valley. 
While  the  water  table  remains  constant,  the  inflow  at  the  head  and 
sides  of  the  valley  equals  the  outflow  or  discharge  at  the  lower  end. 
The  total  quantity,  therefore,  should  be  considered  as  a  reserve  rather 
than  an  available  supply.  The  quantity  entering  the  underflow  repre- 
sented by  the  volume  of  flow  is  the  maximum  amount  which  can  be 
considered  as  pennanently  available  for  pumping.  This  amount 
might  be  withdrawn  continuously  if  the  pumps  could  be  arranged  in 
such  a  manner  as  to  secure  the  whole  flow^.  Since  this  is  obviously 
impossible,  something  less  than  the  normal  flow  is  permanently  avail- 
able for  pumping.  A  greater  dmft  will  draw  upon  the  reserve  and 
continued  use  of  the  reserve  may  lower  the  water  table  in  time  to  a 
horizon  too  deep  for  pumping. 

From  the  quantity  of  the  reserve  it  is  evident  that  pumps  might  l)e 
operated  for  years  before  the  reserve  was  exhausted,  provided  the 
natural  escape  of  the  water  from  the  valley  could  be  prevented.  But 
since  this  escape  is  great  and  constant — more  than  100,000  acre-feet 
per  year  (besides  an  unknown  quantity  passing  as  underflow  in  the 
Buckeye  region  as  previously  described) — any  grcAt  quantity  of  water 
extracted  by  pumps  would  probably  cause  a  material  depression  of  the 
water  table. 

The  elevation  of  the  surface  where  the  underflow  returns  in  part, 
west  of  Phoenix,  is  about  200  feet  lower  than  at  Mesa.  Should  the 
inflow  cpase  the  surface  of  underground  water  must  eventually  lower 
to  the  level  of  the  point  where  the  water  escapes.  It  is  the  friction 
due  to  passage  through  the  sands  and  gravels  retaixiing  the  flow, 
coupled  with  the  supply  from  the  inflow,  that  maintains  the  water 
gradient.  When  this  balance  is  disturbed,  a  disturbance  of  the  water 
table  must  result.  The  practical  question  is:  How  much  of  a  disturb- 
ance in  the  way  of  pumping  can  be  made  and  still  have  water  within 
pumping  distance? 

It  is  evident  that,  other  things  equal,  an  increase  of  water  entering 
the  vallev  will  raise  the  water  table  and  a  decrease  will  lower  it;  an 
increased  draft  at  the  lower  end  of  the  valle^^,  whether  by  escape  a^^ 
seepage  or  by  the  demand  of  pumps,  will  lower  the  water  table: 
water  withdrawn  b}^  pumps  at  any  point  in  the  valley  will  affect 
the  water  table,  particularly  below  the  pumps  and  in  general  over 
the  whole  valley,  by  disturbing  the  equilibrium  established  in  nature. 
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A  lowering  of  the  water  table  of  several  feet  has  taken  place  during 
the  past  few  years.  How  much  of  this  lowering,  if  any,  is  due  to  the 
operation  of  pumps  and  how  much  to  the  scarcity  of  water  during 
the  past  few  years,  owing  to  the  scant  rainfall,  is  not  determinable 
at  present. 

The  underflow,  even  though  the  volume  be  great,  should  not  be 
considered  as  inexhaustible.  There  is  a  large  quantity  of  water 
available;  a  quantity  well  worth  the  necessary  expense  of  pumping 
plants  for  securing  it.  But  it  is  fairly  certain  that  a  large  number  of 
pumps  run  continuously  will  cause  a  permanent  lowering  of  the  water 
table,  and  pumps  established  on  high  ground  may  find  the  lift  too  great 
for  economic  operation  after  a  few  years. 

Probably  the  most  satisfactory  way  of  utilizing  the  underground 
water  is  to  withdraw  by  pumps  no  more  than  the  normal  flow,  leaving 
the  gravels  saturated  as  a  reserve  to  be  used  in  times  of  need  and 
replaced  in  times  of  plenty;  in  other  words,  to  use  the  water  in  the 
vallej'  fill  as  a  reserve  supply  rather  than  to  exhaust  it  quickly  in 
the  extension  of  cultivated  land,  with  the  consequent  loss  of  property 
when  the  water  level  falls  beyond  the  reach  of  the  pumps. 

PRACTICAL  POROSITY. 

The  proportion  of  voids  given  for  various  diameters  of  sand  grains 
usually  assumes  a  comparatively  uniform  size  of  grain.  It  is  obviously 
erroneous  in  heterogenous  materials  to  make  computations  for  any 
selected  size  or  even  for  an  average  size.  The  finer  material  packs  into 
the  interstices  of  the  coarser.  It  would  be  entirely  possible  to  have 
such  materials  packed  in  such  a  manner  as  to  hold  very  little  water. 
No  doubt  such  cases  occur  in  the  valley  fill.  There  is  also  no  doubt 
that  places  may  be  found  where  coarse  material  occurs  apart  from  the 
tine,  and  also  where,  although  coarse  and  fine  exist  together,  they  are- 
loosely  packed  and  allow  a  free  passage  of  water. 

It  is  furthermore  obvious  that  since  the  sands  can  not  be  pumped 
dry,  much  water  might  be  held  by  them  which  is  properly  a  part  of 
the  underflow,  but  which  is  not  available  for  pumping.  In  order  to 
arrive  at  an  approximation  of  the  quantity  of  water  available  for 
pumping  in  the  mixed  gravels  of  the  valley,  a  series  of  measurements 
were  made  by  filling  a  barrel  with  gravel  and  sand  and  measuring  the 
cjuantity  of  water  which  could  be  poured  into  it,  assuming  that  this 
quantity  would  be  a  fair  measure  of  the  quantity  that  might  be  with- 
drawn by  pumping.  In  order  to  obtain  representative  material,  the 
measurements  were  made  at  a  well  east  of  Phoenix  (G.  W.  Smith's), 
where  the  material  thrown  from  the  well  lies  undisturbed.  The  barrel 
held  46f  gallons — measured  by  a  standard  graduate.  Such  material 
was  first  selected  as  seemed  to  be  a  fair  average  of  the  water-bearing 
material  observed  throughout  the  valley.     It  was  sand,  pebbles,  and 
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bowlders  up  to  8  inches  in  diameter.  The  sand  was  slightly  moist 
from  a  shower  which  fell  the  dav  before  the  measurements  were 
made.  The  material  was  carefully  packed  in  the  barrel  in  order  to 
approximate  as  nearly  as  possible  the  natural  conditions.  Water  wa-* 
then  poured  slowly  into  the  material  until  the  barrel  was  full.  It 
was  found  that  lOj  gallons  of  water  could  be  poured  into  the  barrel, 
representing  20.5  per  cent  of  the  total  space.  These  gravels  might 
easily  be  packed  more  closely  in  nature  than  they  were  in  the  experi- 
ment, and  the  amount  of  water  that  could  be  pumped  from  them, 
leaving  them  damp  since  all  the  water  could  not  be  withdrawn,  would 
be  something  less  than  20  per  cent  of  the  total  bulk. 

For  a  second  experiment  a  place  was  selected  where  only  coarse 
gravel  and  bowlders  occurred,  varying  in  size  from  half  an  inch  to  n 
inches  in  diameter.  With  this  material  in  the  barrel,  16f  gallons  of 
water  were  added  to  fill  the  barrel,  or  35.8  per  cent  of  the  total  space. 
In  this  case,  as  in  the  former  one,  the  percentage  of  voids  in  nature 
would  be  something  less,  owing  to  the  closer  packing  of  the  gravels. 
The  actual  quantity'  of  water  available  for  pumping  in  this  case  is 
something  less  than  .35  per  cent  of  the  volume. 

Volume  of  water  contained  in  sands  and  gravels  of  different  jwrosity  SSfeei  deep. 

[In  acre-feet] 


Valley. 


Salt  River.. 
Gila  River  . 

Total 


Area  in 
acres. 


Porosity. 


15  per  cent. 


20  per  cent.  25  per  cent.  30  per  cent. 


35  per  cent.  40  per  rent 


336, 000 1 ,  764, 000  2, 352, 000  2, 940,  000  3, 528, 000  4, 1 16, 000  4,  704,  (H  "0 


224,000,1,176,000 


1, 568, 000  1, 960, 0002, 352, 000 


2,744,0003, 136,  (^V 


560, 000 2,  940, 000 3, 920, 0004,  900, 000,5, 880, 000 6, 860, 000 7, 840, 000 


It  is  evident  that  the  estimated  volume  of  the  reserve  previou>ly 
stated  as  4,704,000  acre-feet  is  much  greater  than  the  volume  which 
could  actually  be  withdrawn  by  pumping.  In  order  to  have  some- 
thing tangible  to  consider,  the  preceding  table  has  been  so  prepared 
as  to  show  the  volumes  of  water  contained  in  a  given  volume  of  sand 
and  gravel  with  assumed  porosities.  The  area  is  chosen  to  include 
onl}'  the  land  beneath  which  water  is  50  feet  or  less  below  the  surfa<*e. 
and  where  the  water  level  might  be  lowered  35  feet  and  still  be  within 
pumping  distance.  Since  there  is  a  large  area  beyond  the  50-foot  con- 
tour beneath  which  water  occurs  which  is  left  out  of  account,  it  is 
evident  the  volumes  given  in  the  table  are  smaller  than  the  actual 
quantity  within  reach. 

The  quantitative  estimates  for  Gila  Valley  are  inserted  because  of 
the  close  association  of  the  two  vallevs. 
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It  is  probable  that  the  practical  porosity — that  is,  the  percentage  of 
volume  consisting  of  water  actually  available  for  pumping — is  some- 
where between  16  and  30  per  cent. 

A  pumping  plant  of  average  capacity,  such  as  those  of  the  Consoli- 
dated Canal  Company,  throws  a  continuous  stream  of  about  200  inches. 
If  operated  without  stop,  one  pump  would  raise  3,620  acre-feet  of 
water  per  year.  But  since  there  is  always  more  or  less  stoppage  for 
repairs,  etc.,  it  is  assumed,  for  convenience,  that  one  pump  will  raise 
about  3,000  acre-feet  per  year.  The  number  of  pumps  required  to 
raise  the  possible  volume  of  underflow  are  as  follows: 

Number  of  pumps  required  to  raise  the  vyiter<^  of  the  underflow. 


Number  of 
painpfi  of  3,000  \  Volume  of  under- 


acre-feet  per 
year  capacity. 


flow  In  acre-feet. 


30 

96 

192 

384 


148, 196 

287,  760 

575, 520 

1,151,040 


a  For  volume,  see  tables  on  pp.  170, 174. 

If  a  volume  of  underflow  of  287,760  acre-feet  per  year  be  accepted, 
as  previously  suggested,  it  is  evident  that  96  pumps  would  lift  the 
entire  flow,  provided  it  could  all  be  secured.  It  is  evident,  however, 
that  it  could  not  all  be  secured.  A  withdrawal  of  the  supply  in  any 
large  measure  must  lower  the  water  table,  since  the  escape  of  the  seep- 
age waters  below  can  not  be  prevented.  The  withdrawal  of  the  total 
supply,  if  that  were  possible,  would  cause  a  lowering  of  the  water 
table  in  time  to  the  level  of  the  outlet,  a  distance  of  about  200  feet  for 
the  Mesa  region.  Any  depression  of  the  water  table  due  to  the  loss 
by  seepage  at  the  lower  end  of  the  valley  will  in  turn  depress  the 
water  table,  in  the  pumping  region.  It  is  therefore  evident  that,  with 
an  inflow  of  287,760  acre-feet  per  year,  96  pumps  would  soon  depress 
the  water  table  beyond  easy  reach.  In  other  words,  in  order  to 
maintain  conditions  such  that  the  undertow  may  be  permanently  and 
regularly  useful,  the  pumps  must  be  limited,  under  assumed  con- 
ditions, to  a  number  notably  less  than  96. 

It  is  impossible  at  the  present  time  to  give  more  than  a  rough  estimate 
of  the  quantity  of  water  now  being  withdrawn  from  the  underflow. 
Few  of  the  pumps  run  continuously  and  there  are  many  that  run  only 
occasionally  to  secure  irrigation  water  when  other  sources  fail.  The 
most  accurate  estimate  possible  at  present  (summer  of  1904:)  of  the 
water  pumped  is  4,000  inches.  This  amount  is  pumped  only  during 
the  summer.     Should  the  pumps  now  in  operation  be  run  continuously 
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at  the  estimated  rate  (4,000  inches)  they  would  supply  about  S-lrJHxi 
acre-feet  of  wat^r  per  year,  or  more  than  one-third  of  the  minimum 
estimated  volume  of  the  underflow. 

If  the  reserve  be  considered  as  a  part  of  the  available  supply  for 
pumping,  a  much  greater  number  of  pumps  might  be  operated  for 
some  time  before  the  water  table  was  lowered  beyond  reach.  Tht» 
pumping  area  described  is  about  36  miles  in  length.  At  the  assumes! 
rate  of  underflow,  water  entering  at  the  head  of  the  valley  above  Mesa 
would  require  seventy-two  years  to  make  the  journey  to  the  mouth  of 
the  Agua  Fria.  At  this  rate  of  movement  water  not  only  to  the 
amount  of  the  inflow  but  also  large  quantities  of  the  reserve  might  U* 
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Fio.  24.— Map  of  Salt  River  Valley,  showing  location  of  pumping  plants  described. 

withdrawn  for  years  before  the  water  table  was  permanentU"  depressed 
beyond  the  limit  of  lift.  Its  recovery,  however,  would  be  equally  slow. 
If  the  pumping  project  is  pushed  too  far,  it  is  inevitable  that  the  more 
inefficient  pumping  plants,  especially  those  on  higher  groimd,  mu^^t 
be  abandoned,  owing  to  increasing  lift  as  the  water  table  is  depressed. 
In  this,  as  in  other  cases  of  competition,  only  the  fittest  can  survive. 

If  it  be  objected  that  the  assumed  velocity  of  half  a  mile  per  year  is 
too  small,  and  that  1  mile  or  more  per  year  is  the  rate  of  movement, 
then  the  volume  of  flow  is  correspondingly  greater  and  the  number  of 
possible  pumping  plants  will  be  greatly  increased. 
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COST  OF  PI  MPIXG    WATER. 


SALT    RIVER   VALLEY. 


Comparatively  little  has  been  known  up  to  the  present  time  of  the 
actual  expense^  of  pumping  water  in  Salt  River  Valle}'.  The  pumping 
tests  described  in  the  first  chapter  and  summarized  l)elow,  deal  with 
conditions  as  they  actually  exist.  In  most  cases  these  conditions  are 
far  from  ideal.  Indeed  there  are  few  pumping  plants  in  the  valley 
which  are  working  with  the  efficiency  that  could  reasonabl}^  be 
expected.  There  have  been  no  experiments  until  recently  tending  to 
show  the  most  economical  method  of  pumping  water,  and. there  is  no 
agreement  among  those  using  pumped  water  as  to  what  kind  of  pump 
or  what  power  is  best,  or  even  how  to  construct  a  well  in  order  that 
it  may  give  the  best  permanent  results.  It  is  thought  that  the  com- 
putations of  cost  of  raising  water  at  the  various  pumping  plants  just 
as  they  exist  with  all  their  imperfections  may  be  of  value  by  way  of 
comparison  with  guaranteed  cost,  which  is  usually  based  on  ideal 
conditions. 

I  have  excluded  from  the  list  all  computations  except  those  which  I 
have  reason  to  believe  are  essentially  correct.  In  some  cases  certain 
elements  are  doubtful;  for  example,  at  the  Collins  well  the  exact 
amount  of  wood  used  was  not  obtained »  It  should  be  stated  also  that 
the  test  runs  upon  which  the  computations  are  based  were  short,  vary- 
ing from  one  to  three  hours.  The  figures  consequently  show  the  rate 
irrespective  of  stoppage  for  repair  or  for  other  cause. 

In  making  the  computations  I  have  included  in  the  cost  of  the  acre- 
foot  interest  at  7  per  cent  per  annum  on  the  investment,  the  legal  rate 
of  interest  in  Arizona,  and  10  per  cent  per  annum  depreciation,  the 
time  in  each  case  being  the  time  required  for  pumping  1  acre-foot  of 
water.  No  allowance  is  made  for  stoppages.  In  each  case  the  expense 
for  oil  and  incidentals  is  estimated  at  5  cents  per  acre-foot. 

Records  of  pumping  plants  in  Salt  River  Valley  ^  Arizonaj  o7i  which  pumping  tests  were  mad^. 


Name. 


Kind  of  well. 


Murphy-McQueen Drilled 

Consolidated  Canal  Co. 

No.  2 1 do 

No.  3 

Valley  Seedless  Grape  Co 


Tcmpe  waterworks ' do 


T.  J.  Parry 

L.  Kunz 

Geo.  U.  Collins 

^(elson  &  Mcllwaine. 

John  Heaton 


Size. 


Ftet. 


Total 
depth. 


Feet. 
1,305 

246 

266 

348 

152 

21 

24 

29 

26 

12 

45 


T\^^*h  ♦«    Amount 


Feet. 


23 

36 
37 
30 
23 

17 
18 
14 
16 


(?) 


lower- 
ing. 

Total  lift. 

Fed. 

Feet. 

19 

U 

16 

50.65 

11 

47.56 

11.5 

47 

14 

249 

1 

18 

(?) 

18 

6 

22 

5 

21 

(?) 

28 

IBB  13e— Ot5 12 
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Records  of  pumping  plants  in  Suit  River  VaUey^  Arizona,  on  whidi  pumping  tctU  vrrr 

made — Con  t  i  nued . 


Name. 


Kind  of 
pump. 


Murphy-McQueen  « Centrifugal 


Power. 


I  Steam  and 
wood. 
Consolidated  Canal  Co.: 

No.  2 do Electric 

No.  3 ' do ' do 

Valley  Seedless  Grape  Co do Gamline. . 

Electric  .. 
Gajioline.. 
Horse 


Tempe  waterworks I  Triplex . 

T.  J.  Parry !  Bucket . 

L.  Kunz Plunge  . 


Geo.  U.  Collins Centrifugal.' 


(Steam  and 


Cost  of 

well  and 

pump. 


Nelson  &  Mcllwaine. 
John  Heaton 


[I    wood. 

do I  Gasoline. . 

Plunge I do 


18,000 
8.000 

3,700 
900 
250 

1,600 

2,200 
500 


Capacity 
nute. 


Cost  per 
acre-foot. 


GaUoHM. 
3,038 

2,223 

2,273 

518 

275 

673 

62 

2,200 

900 
120 


;i 


12.27 
2.97 

2.S4 
2.69 
3.80 
14.56 
2.91 
1.14 
1.98 
2.75 
2.88 
3.87 


Cost  j*r 

Hcn^f'  *"t 

per  («■•: 

of  litt- 


90  051 

.Oft* 

.ft* 
.u> 

.i-n 

.v: 

.l-M 
.  1ST 
.IS! 


o  Cost  doe.M  not  include  interest  and  depreciation.    If  this  be  added,  the  total  cost  becomes  af^roxi* 
mately  $2.97  per  acre-foot  or  6.8  cents  per  foot  per  acre-foot. 

It  has  been  estimated  that  electric  power  can  lie  furnished  at  a  cost 
not  exceeding  $50  per  horsepower  per  year.  In  three  of  the  pump- 
ing plants  previously  described  the  horsepower  consumed  at  the 
pumping  station  is  accuratelj'  known.  Since  these  three  use  electric 
power,  direct  comparison  can  be  made  as  in  the  following  table: 

Cost  of  pumping  with  power  furnished  at  fSO  per  horsepower  per  year  compared  vitK 

present  cost. 


Name. 


Consolidated  Canal  Co. : 

No.  2 

No.  3 

Teinpe  waterworke 


Horsepower 
consumed. 


Present 

cost  per 

acre-loot. 


12.84 

2.69 

14.55 


Cost  per 

acre-foot 
with  power 

at  too  per 
horsepower 

per  year. 


$0.60 

.59 

3.62 


Present 
cost  per 
acre-foot  per 
foot  of  lilt.  1 


Cost  per  a«Tv- 
foot  per  fiH)t 
of  lift  with 
power  at  $50 
per  horse- 
power per 
year. 


$0,056 
.054  I 
.058  I 


$0,012 
.0118 
.0144 


The  experiments  upon  which  these  costs  are  based  were  performed 
by  Engineer  P.  E.  Fuller,  and  are  thought  to  be  very  accurate.  For 
irrigation  purposes  the  first  two  are  most  reliable,  since  they  aiv 
pumping  stations  established  exclusively  for  irrigation.  No  allow- 
ance has  been  made  for  loss  of  time  for  repairs.  With  such  an 
allowance  the  price  per  foot  per  acre-foot  with  power  at  $50  per 
horsepower  per  year  will  be  slightly  more  than  1.2  cents.    Owinjj 
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to  the  careful  and  painstaking  experiments  of  Mr.  Fuller  this  rate 
can  be  stated  with  considerable  confidence. 

As  previously  stated,  there  are  places,  for  example  near  Tempe, 
where  the  water  table  is  less  than  10  feet  beneath  the  surface.  Allow- 
ing a  local  depression  of  16  feet  due  to  the  action  of  the  pump,  or  a 
total  lift  of  26  feet,  water  can  be  raised  for  30  cents  per  acre-foot,  a 
price  much  lower  than  the  present  cost  of  canal  water. 

The  actual  cost  of  canal  water  in  Salt  River  Valley  at  present  is 
somewhat  difficult  to  estimate,  owing  to  the  manner  in  which  water  is 
sold.  The  price  nominally  paid  is  much  less  than  the  actual  cost,  for 
the  quantity  nominally  paid  for  is  seldom  received.  It  is  probable 
that  the  actual  cost  of  canal  water  at  the  present  time  is  little,  if  any, 
below  $1  per  acre-foot.  With  a  lift  of  66  feet,  which  has  lieen  assumed 
as  the  present  limit,  an  acre-foot  of  water  would  cost  78  cents.  The 
Consolidated  Canal  Company  finds  it  profitable  to  pump  water  at  a 
cost  of  $2.84  per  acre-foot  while  others  are  pumping  at  a  cost  as  high 
as  $3.87  per' acre-foot.  At  the  rate  of  .1.2  cents  per  foot,  water  could 
be  raised  with  profit  from  a  depth  much  greater  than  66  feet,  and 
the  pumping  area  indicated  in  the  map  (fig.  21)  could  be  greatly 
extended. 

COST   OF   PUMPING   IN    OTHER   REGIONS. 

It  will  be  instructive  to  compare  the  cost  of  pumping  water  in  Salt 
River  Valley  with  the  cost  as  determined  elsewhere.  The  following 
extract  contains  some  data  which  may  be  useful:^ 

COST  IN   ARIZONA,  WISCONSIN,    AND  CALIFORNIA. 

The  reports  of  former  years  and  this  report  have  given  meager  returns  from  a  few 
pumping  plants,  showing  the  cost  of  raising  water.  Mr.  Cmie  reports  the  details  of 
testa  made  by  him,  and  gives  as  his  general  conclusion  that  with  wood  at  $4  per  cord 
water  can  be  lifted  45  feet  for  |2.50  per  acre- foot,  and  that  with  power  delivered  to 
the  pump  at  $60  per  horsepower  per  annum  water  can  be  lifted  45  feet  at  a  cost  of 
$1  per  acre-foot.  Both  these  estimates  include  the  cost  of  attendance  and  a  fair  rate 
of  interest  on  the  investment 

Professor  King  gives  the  cost  of  raising  water  in  Wisconsin.  At  Madison  water 
was  raised  25  feet  at  a  cost  of  $2.64  per  acre-foot,  using  coal  which  cost  $5  per  ton. 
At  Stevens  Point  water  was  raised  33  feet  at  a  cost  of  $3.32  per  acre- foot,  using  a 
gSLSoIine  engine,  with  gasoline  at  11.98  cents  per  gallon. 

Professor  Chandler  gives  the  cost  of  an  acre-foot  of  pumped  water  in  the  Tule  River 
Valley  at  from  $5  to  $7.40,  wath  a  lift  of  71  feet  and  power  costing  $50  per  horse- 
pawer  per  annum. 

The  following  table  gives  all  the  data  regarding  the  capacities  of  various  kinds  and 
sizes  of  pumps  which  have  been  included  in  all  the  bulletins  published  by  this  office: 


aBeport  of  irrigaUon  investigations  for  1901,  No.  1:  U.  S.  Dept.  Agric.  Bull.  119, 1902,  p.  94. 
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Capaeiltf  of  pumps. 


Pump. 


2.5-iDch  Lawrence  centrifugal . . 

5-inch  Krogh  centrifugal 

Do 

5.5  by  8   inch  triplex  -  acting 
pump. 

8-inch  centrifugal 


Do 
Do 
Do 
Do 
Do 


Do 


Powfir. 


5-hor8epower  gasoline  . 
12-hor8epower  gasoline 

do 

do 


IS-horsepower  engine  (burn- 
ing wood). 


8-inch  Krogh * : 

10-inch  centrifugal I  80-hor8epower  engine 

12-inch  centrifugal I , 

X6-inch  centrifugal j  SO-horsepower  Frick  engine. 

18-inch  centrifugal j 

20-inch  centrifugal , 

Double-cylinder  6-inch  pump  . .    4-horBepower  gasoline 

Triplex  pump,  5.5  by  8  inch     5-hor8epower  gasoline 

plungers.  ! 

Compound     duplex    pumping  I  80-hor8epower  boiler 

engine.  ' 

Worthington  compound  duplex  i do 

steam  pumping  engine. 


Lift. 


Capacity  p^-r 
24  hours. 


Feet. 


30 


125 


19 


14 


18 
32 
39 
23 
14.5 


15 


0-2r>4 
1.32 
.  JW 
.5fH 

8.JM) 
6.ti0 
7.26 
7  AM 
S.SO 
4.40 

7.70 
6.60 
17.60 
15. 40 
35.L'0 
44.011 
44.  (K» 

.:{96 

132. 00 
176.  (K) 


COST  OF  PUMPING   IN   NEW   MEXICO. 

An  instructive  series  of  experiments  has  recently  been  made  at  the 
New  Mexico  Agricultural  Experiment  Station  calculated  to  show  the 
comparative  merits  of  several  makes  of  pumps.  The  most  economic 
speed  was  determined  for  each  make  of  pump  tested,  and  the  cost  de- 
termined per  acre  of  irrigating  3  inches  deep,  using  wood  for  fuel  at 
$2.25  per  cord.  In  order  that  the  table  may  correspond  with  thoso 
previously  given,  the  figures  have  been  altered  to  read  in  cost  per  acre- 
foot.  Otherwise  the  figures  are  those  given  in  the  various  tables  hy 
Vernon  and  Lester,"  except  those  in  the  last  column;  there  the  cost 
is  reduced  to  unit  of  lift. 


a  Vernon,  John  J.,  and  Lester,  Francis  £.,  Pumping  for  irrigation  from  wells:  N.  Mex.  Agric.  Exp. 
Sta.  Bull.  No.  46,  1903. 
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Co9t  of  pumping  at  New  Mexico  Agricultural  Experiment  Station,  f^ 


Name  of  pump. 


Van  Wie 

R,  D.  Wood 

Kingsford 

Bryon  Jackson . . 
Fairbanks-Morse 


Pump  run- 
ning at  moet 
economic 
speed. in 
gallons  per 
minute. 


Cofltper 
acre-foot. 


600 
600 
824 
944 
824 


$2.05 
2.59 
2.39 
2.46 
2.47 


Lift. 


Co8t  per  foot 
of  lift  per 
acre-foot. 


Ft.     in. 


27 
28 
34 
36 
35 


lOi 
i 

8} 


$0,073 
.092 
.069 
.067 
.069 


a  Fuel  ia  dry  tomlllo  wood  at  S2.26  per  cord. 


COST  OF  PUMPING   IN   CALIFORNIA. 


The  principal  expense  of  pumping  is  the  fuel,  and  the  gi'eat  cost  of 
fuel  is  responsible  for  the  high  rate  of  cost  of  pumping  in  Salt  River 
Valley.  In  order  to  compare  this  with  the  cost  where  fuel  is  inex- 
pensive, I  give  the  following  table  of  costs  from  pumping  plants  in 
California.  The  data  were  furnished  by  Thomas  H.  Means,  of  the 
Bureau  of  Soils,  having  been  collected  by  his  assistant,  W.  H.  Knox. 
It  appears  from  these  data  that  water  is  pumped  with  crude  oil  and  dis- 
tillate as  fuel,  at  a  minimum  cost  of  less  than  1  cent  per  foot  per  acre- 
foot,  as  compared  with  a  minimum  of  8  cents  in  Salt  River  Valley, 
using  distillate,  and  5.4  cents,  using  electric  power.  It  appears,  also, 
that  with  fuel  at  the  price  paid  in  California,  water  is  pumped  cheaper 
than  the  estimated  cost  with  electric  power  at  $50  per  horsepower  per 
year,  the  minimum  being  1.18  cents  for  electric  power  and  0.8  cent 
for  crude  oil.  It  should  be  stated,  however,  that  allowance  is  made  in 
the  California  rates  for  little  besides  fuel.  It  is  thought  that  due 
allowance  for  interest,  depreciation,  etc.,  would  bring  the  rate  up  to 
at  least  the  estimated  rate  for  electric  power. 

Cost  of  pumping  in  California. 
[Data  collected  by  W.  H.  Knox,  of  the  Bureau  of  Soils  of  the  Department  of  Agriculture.] 


Owner 


M.  T.  Ireland 
J.  Vincent 
J.  S.  Brander 
John  Hartly , 
J.  H.  Marsh  . 
Aug.  Ganfraw 


Fowler,  Cal 

do 

do 
Fresno,  Cal . . . 
Lone  Star,  Cal 
Sanger,  Cal . . . 


L.  C.  Jolley ;  Del  Rey,  Cal 


Kind  of  pump  used. 


Source  of 
supply. 


Burton, 4-inch Pond.. 

Krojrh,  5-inch i  Well . . 

Krogh,  8-inch 

Richardson,  5-inch Well . . 

Krogh,  6-inch do  . 

do Slough 

Sam  peon,  6-inch Pond. . 


Total  lift. 


Feel. 


15 
22 
20 
45 
25 
36 
15 
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Cost  of  pumping  in  Calif omia — Continued. 


Owner. 

Capacity 
in  acre- 
feet  per 
hour. 

Fuel  used. 

Cost  of  fuel 
per  hour. 

Cost  per 

acre-foot 

per  foot 

of  lift. 

Remarks. 

Cents. 

Cents. 

M.  T.  Ireland... 

0.115 

Distillate 

6  to    7.5 

4.3 

J.  Vincent 

.10 

do 

17 

7.7 

Plant  not  yet  regu- 
lated for  best  re- 
sults. 

J.  S.  Brander . . . 

0.75 

Crude  oil 

12.5 

.8 

Has  been  operating 
two  years. 

John  Hartly 

.207 

Distillate 

• 

10 

1.1 

Distillate  costs  10 
cents  per  gallon. 

J.  H.  Marsh 

Aug.  Ganfraw... 

.15 
.3 

do 

Crude  oil 

6  to    7.5 
alO 

2 

.9 

12-hor8epower  en- 
gine— cost  of  fuel 
thought  to  be  un- 
derrated. 

L.  C.  Jolley 

.4 

Distillate 

11 

1.8 

a  Est! 

mated. 

COST  OF   PUMPING    IN   EGYPT. 

It  may  be  of  interest  to  know  the  cost  of  well-established  pumping 
plantB  abroad.  Thomas  H.  Means,  of  the  Bureau  of  Soils,  who  is 
familiar  with  irrigation  operations  in  Egypt,  has  kindly  furnished  the 
following  information  for  this  paper: 

Cost  of  pumping  drainage  water  al  Mex,  Egypt. 


Season. 


Acre-feet     Priceof  coal  ^^'^•gj," 
per  ton.      '****  ***  '""' 


pumped. 


1895-96. 
1896-97. 


141,750 
175,800 

1897-98 ,     187,900 

230,800 
164,430 

1900-1901 ,     255,960 


1898-99... 
1899-1900. 


$6.19 
8.39 
8.73 


ofUft. 


Onto. 
2.42 

2.31 
2.36 
1.87 
2.87 
2,79 


Equipment  consistH  of  five  Farcot  direct-acting  centrifugal  pumps  and  two  48-inch 
centrifupali^,  with  a  total  maximum  capacity  of  1,400  cubic  feet  per  second,  though 
the  normal  output  is  not  intended  to  exceed  1,125  cubic  feet  per  second;  lift  about 
10  feet.     This  is  one  of  the  largept  pumping  plants  in  the  world. 

J'Jstimaled  cost  of  pnmphig  drainage  vniter  at  Kassasin^  Egypt. — Equipment  consists 
r>f  two  30-inch  (centrifugals  and  one  20-inch,  run  by  dire<*t-connected  double-expansion 
engines.  Total  capacity  given  as  88  cubic  feet  per  second;  expenses  of  plant  abtmt 
120,000  per  year,  making  cost  of  lifting  about  4.8  cents  per  acre-foot  per  foot  of  lift- 
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VAIiUE  OF  WATER. 

Having  ascertained  the  cost  of  procuring  water  by  pumping,  it  is  well 
to  know  what  return  can  reasonably  be  expected  from  its  use.  Prof. 
Alfred  J.  McClatchie,  of  the  Arizona  Agricultural  Experiment  Station, 
has  published  a  paper  dealing  with  this  problem.'*  The  following  table 
(Table  VI  of  McClatchie's  paper)  gives  the  returns  realized  from  the 
use  of  water: 

Record  of  principal  crops  grown  on  the  farm  of  the  Arizona  Experiment  Station  during 

1901. 


Wheat  sown  in  moi^t  soil . 
Wheat  sown  in  dry  soil.-. . 
Wheat  sown  in  moist  soil . 

Do 

Potatoes 

Do 

Do 

Tomatoes 

Strawberries 

Melons 

Egyptian  cotton 

Com 


6,3 


Feet. 
0.6 

.6 
.6 
.  / 
.  7 
.  / 
.6 
.7 
.  / 

.      / 

.6 


Date  of  planting. 

• 

• 

1 

4.1 

& 

O 

- 

• 

§ 

-*^ 

1 

,  Number  of  irrigations. 

1 

Feet. 

Total  amount  applied. 

Feet. 

Nov. 

26 

Mar. 

4 

Apr. 

6 

3 

1.6 

2.2 

do 

... 

Dec. 

8    ....do 

... 

4 

2.5 

2.5 

Dec. 

5 

Mar. 

5     Apr. 

11 

3 

1.5 

2.1 

Jan. 

3 

Mar. 

7  1  Apr. 

14 

3 

1.5 

2.1 

Jan. 

9 

Mar. 

17 

May 

10 

4 

1.7 

2.4 

Feb. 

1 

Mar. 

27    ....do 

... 

3 

1.3 

2.0 

Feb. 

22 

....do 

do 

... 

3 

1.3 

2.0 

Feb. 

14 

Feb. 

26     Oct. 

28 

27 

3.7 

4.3 

Feb. 

16 

Feb. 

16     Dec. 

26 

36 

5.5 

6.2 

Mar. 

16 

Mar. 

26     July 

8 

12 

2.6 

3.3 

Mar. 

30 

Apr. 

11     Oct. 

3 

13 

4.3 

5.0 

Aug. 

3 

Aug. 

9 

Oct. 

7 

5 

1.5 

2.1 

a  McClatchie,  Alfred  J.,  Irrigation  at  the  Htation  farm.  1»98-1901:  Ariz.  Agrio.  Exp.  Sta.  Bull.  No.  41, 
1902. 
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Record  of  principal  crops  groivn  on  the  farm  of  the  Arizona  Rrperiment  a^cUioii  during 

1901— Continued. 


c 

♦J 

O 
t 

Xi 

«^ 

o 

a 
Q 


a 

'V 


2 

« 

(V 
> 
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Wheat  sown  in  moist  soil . .    Mav    22 

Wheat  sown  in  dry  soil do  . . . 

Wheat  sown  in  moist  soil. .    May    24 
Do Mav    30 

Potatoes do  ... 

Do Mav    25 

Do May    30 

Strawberries \f^Yy'f6 


Pounds. 
2, 150 
1,850 
2,120 
1,920 
.3,200 
3,600 
3,000 


bca 

Bi  bo 


ei 


2; 


5^ 


I 


J'12, 300 
5,000 


Melons 


/June  15- 
\July    15 


$22.  55 
19.40 
22.25 
20. 15 
80.00  I 
85. 00  ' 
70.00  ' 

225. 00 


$10.25     $12.30 
9.65  '      9.15 


10.20 
9.95 
35.00 
34. 50 
34.  50 


12.05 
10.20 
45.00 
50. 50 
:i5. 50 


75,00     150.00 


3.  t>) 
5.74 

4.  ST 
18.7n 
25. 23 
1 7.  7i> 


500.00       150.00     :i50.00         56.4.=) 


Egyptian  cotton 
Corn 


Dec. 
Dec. 


14 
10 


27,000 

400 
1,735 


140.00 

68.00 
18.00 


26. 00     1 14. 00 


48.00 
9.50 


20.00 
8.50 


34.rvi 

4.(K» 
4.05 


I.OCATION  OF  PUMPING  PI.ANTS. 

From  the  information  previously  given  it  appears  that  the  l>est 
places  for  pumping  plants  are  in  the  region  south  of  Tempe  where 
water  is  but  a  few  feet  beneath  the  surface  and  on  the  lowlands  alonj^ 
the  river  in  the  Phoenix  region.  Unfortunately^  the  lands  upon  which 
pumped  water  w^ould  be  most  useful  do  not  lie  at  a  lower  elevation 
than  the  areas  where  that  water  is  most  easilv  obtained.  The  eleva- 
tion  of  the  land  to  be  irrigated  therefore  enters  as  an  important  factor. 
In  order  to  flow  water  over  a  certain  tract  of  land  it  frequently  hap- 
pens that  pumps  must  be  placed  on  comparatively  high  land  back  from 
the  river.  The  farther  a  well  is  from  the  axis  of  the  gravel  beds— not 
necessarily  coincident  with  the  present  river's  course — the  more  likely 
it  is  to  encounter  unfavorable  conditions. 

The  irregular  distribution  of  materials  in  the  valley  fill  gives  rise  to 
many  annoying  surprises  in  constructing  wells.  Certain  wells  have 
entirely  failed  where  every  known  condition  promised  success.  On 
the  other  hand,  wells  have  been  successful  in  localities  which  gave  lit- 
tle promise.  It  is  obviously  impossible  to  foresee  in  more  than  a  gen- 
eral way  what  conditions  are  to  be  met  with  in  sinking  well'^.  The 
figures  which  follow  are  diagiammatic  iHustrations  explaining  coruii- 
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tions  known  to  exist  in  Salt  River  Valle}- .  In  fig.  25  let  A  and  B  rep- 
resent two  wells  with  the  water  standing  20  feet  below  the  surface  in 
each  well.  Assume  (1)  that  the  material,  in  which  they  are  put  down 
is  all  water-bearing  gravel  with  one-third  of  the  space  occupied  by 
water;  it  is  plain  then  that  a  lowering  of  30  feet,  for  example,  will 
yield  water  represented  b}'  one-third  of  the  space  a  h  hf—th^  space  in 
heavy  lining.  (2)  Assume  that  a  g  c  is  impervious  clay  and  a  c  f  is 
water  bearing:  then  a  lowering  of  30  feet  in  either  well  would  yield 
water  represented  by  one-third  of  the  space  a  i  h  ^/— the  shaded  por- 
tion of  No.  2.  (3)  Assume  that  a  go  is  gravel  and  the  rest  clay;  then 
a  lowering  of  30  feet  in  well  A  will  yield  water  represented  by  one- 


(3)  («) 

Fio.  25.— DiagTammatic  illustrations  of  undenground  conditions  affecting  yield  of  wells. 

third  of  the  space  a  h  /,  and  well  B  will  yield  nothing  (No.  3).  (4) 
Assume  that  d  e  f  is  gravel  and  the  remainder  clay;  then  well  A  will 
have  no  water  and  well  B,  in  lowering  30  feet,  will  yield  water  repre- 
sented by  one-third  of  the  space  h  j  h  f,  (5)  Assume  that  a  c  e  d 
is  gi^avel  and  the  remainder  clay;  then  well  B  will  yield  no  water  and 
well  A  only  so  much  as  is  represented  b}^  one-third  of  the  space  a  ij  k, 
(6)  Assume  that  a  c  e  d\^  clay  and  the  remainder  gravel;  then  well  A, 
in  lowering  30  feet,  will  yield  water  represented  by  one-third  of  space 
a  h  /,  while  well  B  will  yield  water  reprCvSented  by  one-third  of  the  space 
k  j  h  f;  and  the*  waters  may  differ  in  quality  as  well  as  quantity. 

As  a  matter  of  application  from  the  foregoing  illustrations  it  may  be 
stated:  (1)  That  a  given  set  of  conditions  in  one  locality  will  not  neces- 
sarily be  repeated  in  another,  although  the  two  localities  are  close 
together;  (2)  that  favorable  conditions  in  one  place  are  not  to  be  inter- 
preted too  freely,  and,  vice  versa,  that  unfavorable  conditions  in  one 
place  are  not  to  be  considered  entirely  discouraging. 


RESUME. 

Some  of  the  more  important  facts  and  deductions  presented  in  tht 
paper  may  be  stated  as  follows; 

1.  The  geological  formations  which  are  of  most  importance  in  and 
near  Salt  River  Valley  fall  natuittlly  in  three  groups: 

(^1)  Pre-Cambrian  rocks,  consisting  of  Archean  granites  and  pre- 
Cambrian  quartzites  and  argillites,  in  which  Salt  Kiver  Vallev  wa> 
originally  formed. 

(B)  Extensive  bodies  of  eruptive  rock  associated  with  a  limited 
amount  of  massive  breccia,  apparently  of  Tertiary  age. 

(6^  Quaternary  and  recent  formations,  consisting  of  waterworn 
bowlders,  gravel,  sand,  clay,  etc.,  which  partly  fill  the  ancient  vallev. 
and  are  known  as  the  vallev  fill. 

2.  The  vallc}'  fill,  at  least  to  a  depth  of  several  hundred  feet,  i^ 
regarded  as  upland  or  fluviatile  accumulation  and  consists  of — 

(.1)  River  ddbris,  composed  principally  of  waterworn  bowlders  and 
gravel  of  quartzite,  quartz,  chert,  granite,  etc. 

{Ji)  Wash  or  angular  material  derived  from  near-by  hillsides. 

( C)  Chemical  precipitates,  of  which  caliche  is  the  most  important 
from  a  geological  standpoint.  The  caliche  occurs  in  more  or  less 
impervious  layers  throughout  the  valley  fill,  and  serves  in  many  cases 
to  confine  the  underground  wat-er  under  more  or  less  pressure. 

3.  The  valley  fill  is  not  the  result  of  a  single  period  of  aggradation. 
Its  accunuilation  is  due  to  at  least  two  periods  of  aggradation,  perhap> 
more,  separated  ])y  a  period  of  degradation. 

4.  The  alternating  periods  of  aggradation  and  degradation  in  Salt 
River  Valley  correspond  with  similar  periods  in  other  parts  of  Arizona. 
Definite  correlation  of  the  similar,  but  widely  separated,  dejx)sib*  is 
impossible  at  the  present  time,  but  uniformity^ in  character  and  suc- 
cession over  wide  areas  suggests  uniformity  of  cause. 

5.  The  cause  of  the  accumulation  of  upland  deposits  and  of  the 
changes  from  degradational  to  aggradational  condition  of  streams  and 
vice  versa  is  regarded  as  due  (1)  to  changes  in  elevation  of  the  land, 
and  (2)  to  climatic  changes. 

6.  Salt  River  Valley  is  a  part  of  the  wide  aggraded  plain  lying 
southwest  of  the  great  continental  plateau.  Between  the  plateau  and 
the  plain  is  a  mountainous  area  in  which  faulting  and  local  crustal 
movements  are  munerous.  Some  of  these  movements  have  probably 
affected  Salt  River  Vallev. 
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7.  The  isolated  peaks  and  mountain  groups  in  and  near  Salt  River 
Valley  may  be  due  in  part  to  upthrust  of  crust  blocks,  but  are  regarded 
mainl}'  as  remnants  of  erosion. 

8.  The  plain  of  which  Salt  River  Valley  is  a  part  is  due  principallv 
to  upland  accumulations.  In  the  process  of  accumulation  the  lowest 
outlying  hills  were  buried  and  the  higher  ones,  being  only  partly 
buried,  are  now  found  rising  abruptly  from  the  level  plain. 

9.  The  valley  fill  is  saturated  with  water,  and  the  various  beds  of 
gravel  are  so  intimately  connected  that  the  water  rises  to  a  definite 
level  forming  a  well-defined  water  table. 

10.  During  the  early  part  of  the  accumulation  of  the  valley  fill  Salt 
River  joined  Gila  River  east  of  Salt  River  Mountains,  forming  in  that 
region  the  bowlder  beds  through  which  the  main  course  of  the  under- 
flow now  finds  its  way,  but  at  a  later  stage  of  the  accumulation  the  river 
changed  to  its  present  course  north  of  Salt  River  Mountains,  forming 
the  uncemented  l>owlder  beds  of  recent  origin,  in  which  the  underflow 
occurs  in  the  Phoenix  region. 

11.  The  underground  waters  are  derived  mainly  from  Salt  River 
and  to  a  less  extent  from  the  occasional  floods  entering  the  valley  from 
the  surrounding. hills. 

12.  The  valley  fill  of  the  Mesa  region,  to  a  depth  of  over  200  feet, 
consists  mainly  of  river  gravels  with  a  subordinate  amount  of  finer 
material.  In  the  Phoenix  region  the  valley  fill  consists  mainly  of  fine 
material  with  a  subordinate  amount  of  river  gravels.  The  river 
gravels  of  the  Phoenix  region  occur  pamllel  to  the  river,  and  were 
deposited  in  a  secondary  valley,  cut  in  the  finer  materials  of  the  first 
period  of  accunmlation. 

13.  The  valley  fill  is  more  or  less  impregnated  with,  various  salts 
derived  from  the  waters  of  Salt  River  in  former  ages  and  deposited 
with  the  detritus. 

14.  The  distribution  of  the  gravel  beds  and  the  depth  to  the  water 
table  are  such  that  pumping  for  irrigation  can  probably  be  carried  on 
with  profit  over  an  area  of  525  scjuare  miles. 

15.  Although  some  of  the  underground  waters  of  the  valley  contain 
salts  in  quantities  which  may  be  harmful  to  land  under  certain  condi- 
tions, it  is  probable  that  with  proper  manipulation  all  of  the  waters 
can  be  safelv  used. 

10.  The  underflow  returns  in  part  to  the  surface  in  certain  places  in 
the  valley,  making  a  surface  flow  estimated  as  sopiething  over  100,000 
acre- feet  per  year. 

17.  The  principal  water-bearing  horizon  is  about  15  miles  wide  in 
the  Mesa  region,  and  extends  to  a  depth  of  over  200  feet. 

18.  The  quantitative  estimate  of  the  underflow,  based  on  experi- 
ments, indicates  a  volume  of  flow  of  148,196  to  287,700  acre-feet  per 
3'ear.     At  this  rate  something  less  than  DO  pumping  plants  of  the 
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average  capacity  (200  inches)  could   be  operated  continuously  and 
retain  the  water  level  within  pumping  distance  of  the  surface. 

19.  The  reserve,  or  the  quantity  of  water  contained  in  the  valley 
fill  at  any  one  time  within  pumping  distance  is  very  much  greater 
than  the  volume  of  flow.  Conservative  estimates  place  the  volume  of 
the  reserve  of  Salt  River  Valley  at  from  2,500,000  to  4,000,000  acrt- 
feet. 

20.  The  cost  of  pumping  water  in  Salt  River  Valley  variee  from  r>.4 
to  13.8  cents  per  acre-foot  per  foot  of  lift,  or  a  cost  per  acre-foot  uf 
pumped  water  of  from  $2.50  to  something  like  f5. 

21.  Since  fuel  is  the  great  item  of  cost,  the  cost  could  be  greatly 
reduced  by  the  use  of  electrical  power,  which  might  be  furnished  for 
about  $50  per  horsepower  per  year.  At  this  rate  the  best  pumpinj: 
plants  of  Salt  River  Valley  can  raise  water  at  a  cost  of  1.2  cents  per 
acre-foot  per  foot  of  lift,  or  at  an  average  cost  per  acre-foot  of  punipe^l 
water  of  something  like  75  cents  for  the  present  lift. 

22.  The  value  of  an  acre-foot  of  water  applied  to  irrigation  in  Salt 
River  Valley  varies  from  $3.65  to  $56.45. 

23.  The  volume  of  underflow  is  large,  but  not  inexhaustible  by  the 
opemtion  of  pumps.  It  is  capable  of  extended  development,  but  thert* 
is  danger  that  a  greater  draft  will  be  made  upon  it  than  is  consistent 
with  the  maintenance  of  the  water  level  within  practicable  pumpinir 
distance. 
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statistics  of-_  24-26. 177.  K** 
plant  No.  4.  description  and 

statistics  of 

plant  No.  5,  description  and 

statistics  of 

plant  No.   6.  description  and 

statistics  of 

plant  No.  7,  description  and 

statistics  of 

power  plant  of.  edge  of  mesa 

near,  view  of 

seepage  weli  of,  description  of 
pumping      from.       water 
levels      lx»fore      and 
after,     figure     show- 
ing   

wells  of,  description  and  sta- 
tistics of 

Cooper.  J.   !>.,  pumping  plant  of. 
Irrigation    at,    plate 

showing 

well  of.  description  of 

Cooperative  Ditch  Company,  water 

of,  analysis  of 

Crinolds.      fossil      fragments     of, 

occurrence  of 

Cyathophyllum  sp.,  occurrence  of  > 
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Darton,    N.    II.,    cited    on    under- 
ground   flow 150 

Davis,  A.  P.,  cited 105-106,152 

Debris,  accumulations  of 115 

dee  aUo  River  debris. 
l>eep    wells,    variations   of   water 

level  in 121-122 

Desert    vegetation,    typical,    near 

Tempe,  view  of 148 

Do«ert  well,  caliche  at 110 

description  and  statistics  of_  40-41, 138 

surface  deposits  at •       104 

water  level  in,  variation  in —  121 


B. 


F!a8t  Lake  Park  well,  description 

of 73 

Economics  of  the  district 135-185 

Egypt,  pumping  in,  cost  of 182 

vegetation  in,  effect  of  salts 

on 149-150 

Electricity,     pumping     water     by. 

cost  of 178,188 

P. 

Faulting,  occurrence  of  _  115-116,  186-187 
Fish,    fossil    teeth    of,    occurrence 

of 07 

Flow,  rates  of 150-160 

velocity  of,  in  various  kinds 
of  soil,  tables  show- 
ing    157,159,160 

Flow,  maximum,  in  various  kinds 

of  soil,  table  showing  157 

variations  In,  due  to  pressure, 

flgure  showing 158 

Flow,   relative,  variations  In,  due 

to   porosity    15it 

variations  In,  due  to  temper- 
ature    154 

Flummerfelt,  Bristol,  well  of,  de- 
scription and  statis- 
tics of 38,-142 

Forbes,  R.  II.,  cited 145,  146, 147. 148 

note  by,  on  caliche 110-111 

reference  to 15,  21,  110,  111,  130 

Fossils,  occurrence  of.  In  lime- 
stones      of       Ton  to 

basin 97-98 

Fowler,  B.  A.,  well  of,  description 

and  statistics  of 90,  137 

Fuller,    P.    B.,    cited    on    cost    of 

pumping  water 18 

reference  to 17. 

23,  24,  36,  68,  178,  179 

G. 

Geology  of  the  district 95-116. 186 

Gila  Elver,  character  of 117 

sravel  of,  porosity  of 174 

underflow  of 151 

ft»*l78j9    of 126-127 


Page, 
(ilia  River,  underflow  of,  volume  of  170 

water  of,  annlysis  of 140 

(ilia  Valley  lake,  novel  formation 

of 126 

water  of,  analyHls  of 127 

(}lU)ert,   (J.   K.,  cit^Hi 112 

reference  to 99,  100 

(Jlrty,  (teorge  II.,  note  on  fossils  by  98 

iilendale.    Ijeet-sugar    factory    at, 
well    at.    description 
and  statistics  of  __  8.'>-86,  93 
Glendale    town    well,    description 

and  statistics  of_  88.  137,  144 

(iranillo,  JosC,  reference  to 43 

(>ranite,  occurrence  of 95-96,99 

Gravels,  water-bearing,  depth  to —  15, 

119-122 

deposition  of 10.  118 

extent  of.  flgure  sbow^ing 118 

mechanical  analyses  of lt>.3-166 

occurrence  of 101-102,125 

porosity  of.     Svv  Porosity, 
relations  of  structure  and,  fig- 
ure showing 118 

samples    of 102-166 

water  In,  quantity  of 171-173,  188 

wells   In 118-119 

/SV'c  alfto  Sheet  wash. 
Ground    water,    chemical    charac- 
ter of 136-150 
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Hamilton,  II.  W.,  well  of.  descrip- 
tion and  statistics  of       88-89 

Hansen,  A.  J.,  pumping  plant  of, 

plate  showing 28 

wells  of,  description  and  sta- 
tistics of 31-32,126.127 

Harrington  well,  description  of 43 

Harris,  J.  J.,  well  of,  description 

and  statistics  of—  78-79.  134 

Hawley,  R.  W.,  reference  to 63,91 

llayne.  L.  (\,  well  of,  description 

of HI 

Hazen,  Allen,  reference  to 102,  166,  167 

Heard,  D.  B.,  reference  to .-     38,  123 

well  of.  gravel  at,  mechanical 

analyses  of 105 

Heaton,  .John,  well  of.  description 

and   statistics   of 80-81 

Hough,   Samuel,   well   of,   descrip- 
tion of 88 
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Igneous  rocks,  occurrence  of 100,  186 

Indian  canal,  amount  of  water  re- 
ceived by 152 

Indian  School,  ^'rr  Phoenix  In- 
dian   School. 

Insane  Asylum.  Ree  Asylum  for 
the  Insane. 

Irrigation,  by  bucket  method,  plate 

showing 82 
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Irrigation,  methods  of,  In  Sahara 

oases 149-150 

use    of    alkaline    and    saline 

waters  In 149-150 

Talue  of 183-184 


J. 


Jenkins,  A.  R.,  seepage  ditch  of, 
description  and  sta- 
tistics of 

Johnson,  B.  F.,  well  of,  description 
and   statistics  of 


44-45 
39-40 
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Kansas,  underflow  In,  velocity  of_  156, 169 
Kassasln,  Egypt,  cost  of  pumping 

at 182 

Kellner,  E.  F.,  well  of,  description 

and  statistics  of 79, 

132,  134, 161 

King,  J.  Q.  A.,  reference  to 163 

King.   Professor,   reference  to 179 

Kleinman,  Daniel,  well  of,  caliche 

at    110 

well   of,   description   and   sta- 
tistics  of 41-42,110 

Knox.  W.  II..  reference  to 181 

Kudl  Asll,  oasis,  Algeria,  analysis 

of  water  in  well  at_  150 

Kunz,  L.,  &  Sons,  well  of,  descrip- 
tion and  statistics  of      72-73. 
91,  139,  148,  177-178 
Knntxe,  R.  E.,  reference  to 72 


Lambeye  canal,  amount  of  water 

received   by 152 

Lava,  occurrence  of 100 

Lee,  W.  T.,  cited 125,  136.  170 

Lelghton,  M.  O.,  reference  to 147 

Leon  canal,  amount  of  water  re- 
ceived by 152 

Leptopora  typa,  occurrence  of 97 

Lift,  profitable,  height  of 135-136 

Lester,  FVancis  E.,  cited  on  pump- 
ing in  New  Mexico.  180 


M. 


McCallum,  N.  P.,  well  of,  descrip- 
tion and  statistics  of      74-75, 

91,  131 
well  of,  gravel  at,  mechanical 

analyses  of 165 

McClatchie,    Alfr'Ml    J.,    cited    on 

value  of  water 183-184 

McDowell,  Mount,  cross  section  of 

Verde  Valley  near__  101 

location   of 101 

rocks  near 115 

Mann.  J.  S..  reference  to 107 

Maricopa  and  Salt  River  canals, 
amount  of  water 
taken  by 152 
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Means,  Thos.  H..  cited  on  alkaline 
and  saline  waters  In 

irrigation 149-1. V» 

reference   to 136,  145.  ISl,  IM' 

Menophyllum  excavatum.  occur- 
rence of I'T 

Meridian  canal,  amount  of  water 

received    by 1  •'•- 

Mesa,  deep  well  at,  data  concern- 
ing           ir. 

elevation  of 11." 

water  table  at,  decline  of 1-^ 

Mesa  region,  gravels  of llft-lli> 

125.  12S-129.  l^T 
ground  water  in,  level  of,  va- 
riations in *»t 

location  of H 

map  and  sections  of l." 

physiography  of llH-l^'l 

structure   of lOl-loj 

water  of,  quality  of 4t>-47 

water  table  In,  position  of_  119-122.  l«T 

well  records  in l2-«>4 

Mesa  Township,  shallow  wells  In. 
table  giving  records 

of 4H  :.ii 

water  table   in 119-li^' 

Messlnger,  M.  W.,  well  of.  descrip- 
tion and  statistics  of      <>.  ^i 
Mets.    Phil,    well    of,    description 

and  statistics  of—  45^6.  n*» 
Mex,  Egypt,  cost  of  pumping  at —  1"*- 

Mlller,    Edward,   well   of.   descrip- 
tion and  statistics  of  ^T 
Moore,  W.  G.,  well  of.  description 

of ^' 

Mountains,    relationn    of    plains 

and 117-118.  i:n 

Muldrow,   Robert,   reference  to —       4v^' 

Murphy,  M.  M.,  reference  to 151.  l.VJ 

Murphy,  S.  J.,  well  of.  log  of !♦'' 

well  of.  section  of 1- 

Murphy,  Thomas,  wells  of.  de- 
scription and  statis- 
tics of 82-84.114 

Murphy,  W.  J.,  well  of.  descrip- 
tion    and     statistics 

of 84-85,  91.  KIT 

Murphy -McQueen    pumping    plant. 

caliche  at 101>-11'» 

plate  showing i"-* 

Murphy-McQueen     wells,     descrip- 
tion   and     statistics 
of  —    12-17.  114.  125, 138.  1^1 
gravel    at.    mechanical   analy- 
ses   of !♦••' 

water    level    in.    after    pump- 
ing, figure  show^ing-  1* 


N. 


Nelson  &  Mcllwaine  wells,  de- 
scription and  statis- 
tics of—   76-78.91.177-178 

New  Mexico,  pumping  in,  cost  of-  180-1^1 
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Olsen,    E..    wells    of.    deacrlpfion 

aDd   statistics   of 30-31, 

12«-127,  138 
wells  of,   water   level   in,   va- 

rlatlon   of 121 

Orrne,   J.    P.,    well   of,   description 

and  statistics  of-.  80.03.04 
Orme.   L.   B..  well   of,  description 

and  statistics  of-..  80,04 
Ostrich     ranch     well,    description 

and  statistics  of—  70-80,  142 

P. 

Parry.  T.  J.,  well  of.  description 

and  statistics  of 43-44, 

177-178 
Peninsula  canal,  amount  of  water 

received    by 152 

Perlcins,  C.  W.,  well  of.  descrip- 
tion    and     statistics 

of 00-67 

Perry.  Wm.  U.,  well  of,  descrip- 
tion   and    statistics 

of 78,01 

Phoenix,   canals   west   of,   amount 

of  water  received  by  152 

Phoenix      Indian      School,      water 

table  at,  decline  of_  121 
wells  at.  description  and  sta- 
tistics  of 70-72, 

132-133.  138-1. SO,  142 
Phoenix     Light     and     Fuel     (Com- 
pany,    well     of,     de- 
scription    and     sta- 
tistics  of 00 

I'hoenix  Machine  and  Cold  Stor- 
age Company,  well 
of,    description    and 

statistics    of 07 

I'hoenix  Mountains,  base  of,  map 

of 117 

rocks    of __  00 

tilted  pre-Cambrlan  quartz- 
ites  and  argiilltes 
in.    plate   showing-.  00 

Phoenix  Pealc,  view  of 00 

Phoenix     region,     distribution     of 

material    in 131-132 

extent  of  bowlder  l)ed8  in..  134 

geographic    changes    in 133 

gravel    of 102,187 

limits    of 11 

physiography    of 131-134 

structure   of 102 

water   table  of 133 

well   records   in 04-04 

Phoenix  Water  Company,  wells 
of,  description  and 
statistics    of  ._  04-0.').  01,  143 

Physiography  of  the  district 117-134 

Plains,     relations     of     mountains 

and 117-118.131 

Platyceras  sp.,  occurrence  of 07 
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Porosities  of  soil,  constants  for 155 

Porosity,  determination  of 102-108. 

173-174 

of  Salt  River  Valley 171 

practical,    discussion    of 173-170 

See  also  Flow. 
Pre-Cambrian     roclcs,     occurrence 

and  character  of.  05-07.  180 

plate  showing 00 

I*re8sure.     See  Flow. 

Price,   .T.    A.,   well   of,  description 

of 43 

Productus     iipvicosta,     occurrence 

of 07 

Pumping,  amount  of,  possible 
under  existing  condi- 
tions   17.')-170,  187-18S 

cost  of,  at  Collins  plant..  70.  177-178 
at  John  Ileaton's  well.  81,  177-17K 

at   Kunz  garden 73.  177-178 

at  Murphy-McQueen  ranch      13-14. 

177-178 
at    Nelson    &    Mcllwaine 

plant 77-78,  177-17S 

at  T.  .T.  Parry's  plant.  44.  177-17.H 
])y     Consolidated     Canal 

Company  .    2.3-24,  25.  177-1 7K 
by     Phoenix     Light    and 

Fuel  Company 00 

by  Valley  Seedless  CJrape 

Company 34.  177-17H 

discussion  of l..   177-182.  ISs 

from   Tempe   waterworlcs 

wells .30.  17 7-1 7S 

in     Arizona,     Wisconsin, 

and  California 170-iso 

In  California lsi-182 

in  Elgypt 182 

in  New  Mexico.. ISO-lsi 

in  Salt  River  Valley 177-170 

with  electric  power ITS.  18S 

profitable,  area  of 1.3.'»-130,  1S7 

Sif  also  Alkali. 
Pumping  plants,   location  of.   170,  1S4-1S5 

views    of 12.  IS.  2H.  .S2 

Pumps,  capacity  of,  table  showing.  18o 

num1)er   of,   re<iulred   to   raise 

water  of  underflow.  175 


Q. 


00 


Quartzites,  plate  showing 

Quaternary  formations,  occurrence 

and  character  of lOO-llO 

Qiie<»n  Creek,  description  of 104-107 

discharge  of lU5-luO 


R. 


Rnlnfnil,  average  annual lliO 

Ransome,  F.  L.,  cited 00,  112.  115 

Reserve.     Sre  Cndergronnd  water. 
Return    water.    e8tlmale<l    amount 

ol 151-1.-1.'. 

Rbipldomella   sp.,   occurrence  of..  '.>T 


IBP.  130— a">- 


13 


194 


INDEX. 


PaKC. 
Richardson  ditch,  description  and 

statistics  of 81-82  ^ 

Klver  debris,  in  valley  fill,  occur-  i 

rence  of_—  102,  129-130,  18fi 
River  gravels,  mechanical  analyses  { 

of 163  ! 

Rogers.  E.  L.,  reference  to 156  ; 


Sacaton  Mountains,  location  of-.  117 

rocks  of 95 

section      through      Salt      River 

Mountains  and 126 

8a ham    oases,    analyses   of   water 

in 150 

Irrigation  methods  in 140-1,')0 

St.  Johns  canal,  flow  of  water  in_  152 
>$allne   waters,    use   of,    in    Irriga- 
tion    140-150 

"Salt   Banks,"   upper   Salt   River, 

plate  showing 146 

Salt  River,  ancient  channels  of__  125-128, 

133.  187 

canals    from 151-152 

character    of 117.122 

gravel    from 162-163 

rocks   on 07 

salt  banks  on,  plate  showing.  146 

underflow  and,  relations  of 122.  120 

underflow  of,  analyses  of 126-127 

measurement  of_  151-153.  160-161 

volume   of 151-152,  170 

See     also     Underflow ; 
Gravels,    water-bear 
Ing. 

waters  of,  analyses  of__   141,  145-146 

Irrigation   by 148 

Salt    River   and    Maricopa   canals, 
amount      of      water 

taken  by 152 

Salt  River  dam  site,  view  of 96 

Salt  River  gorge,  section  through, 

at  Tonto  dam  site..  07 

^alt  River  Mountains,  location  of-  117 

rocks   of 05 

section      from,      to      Sacatou 

Mountains 126 

section  through  Tenipe  Rutte 

to 126 

Salt  River   V^illey,  cost  of  pump- 
ing In 177-170 

economics   of 135-1S5 

geology   of 05-116 

gravels  of 162-167 

history    of 112-114,120-131 

Ideal  cross  section  In 16 

index  map  of 120.  124 

map     of,     showing     area     of 

profltable  pumping-.  135 
showing        location        of 

pumping  plants 176 

part  of,  geologic  map  of 95 

map  of 122 

physiography  of 117-134 


Salt    River    Valley,    pumping    in, 

cost  of 177-lTI* 

section  across rj«; 

surface  movements  in 115-116, 

186-1S7 
water    entering,    amount    of. 
Impossibility     of 

measuring 151 

well  records  in 12-94 

Salts,  effect  of,  on  vegetation-  148-150.1^7 
occurrence  and  character  of-  111. 

147-148,  1V7 

origin  of,  in  river  water 147-14^ 

in  well  water 145-147 

See  also   Alkali. 
San    Pedro    River,    valley    of,   de- 
posits in ll.'i 

Schuchertella  Insquails,  occur- 
rence of 07 

S«'ctIon.  cross,  of  Salt  River  Valley, 

Ideal 1»; 

Sedimentary  rocks,  occurrence  of_     97-Hn» 
Seepage   land   near   Tempe,    plate 

showing 118.  15i) 

Seepage  water,  amount  of 151-152. 

170-171.  187 
Seepage  well  near  power  house  of 
Consolidated      Canal 
Company,  description 

of 21) 

Seminula  humills.  occurrence  of 07 

Shallow  wells.  Mesa  and  adjoining 
townships,  table  giv- 
ing records  of 4S-63 

Mesa  region,  variation  in  qual- 
ity of  water 46-47 

Phoenix    region,    table  giving 

records  of 91-04 

variations  of  water  level  In 120-121 

Sheet  wash,  occurrence  and  char- 
acter of—   102-107, 130.  IM*. 

water  of !::!> 

Sierra    Ancha    Mountains,    sketch 

profile  through 117 

Sllva,  Alexander,  well  of.  descrip- 
tion and  statistics  of      87.  03 
Skinner.  W.  W..  reference  to  __  21, 136,  137 
Sllchter,   Charles  S..  analyses  by, 
of  giavel   from  Col- 
lins well lC7-lfi8 

cited  on  measurement  of  un- 
derflow  153-160. 162. 1»?0 

reference  to 153.  162.  166.  167.  170 

Sllchter  method,  application  of !♦»•< 

necessary  factors  In 160-16S 

Smith,  A.  II..  well  of.  description 

and   statistics   of HS,  93. 137 

Smith,  G.  W..  well  of,  description 

of 72 

well  of,  gravel  from 173 

Spirlfer     centronatus.     occurrence 

of 07 

sp.,  occurrence  of 07 

Spurr,  J.  E..  descriptions  of  rock 

by i)5-9G.  n>«» 
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Straw,  A.  J.,  reference  to 86 

Superstition  Mountains,  north  end 

of,  Tiew  of 100 

rocks  near 104 

Surface  movements,  description  of  115-116, 

133,  186-187 

diagrams  Illustrating 113 

Syrlngopora    aculeata,    occurrence 

of    97 

surcularU,  occurrence  of 97 


T. 


Tabesbest,  oasis,  Algeria,  analysis 

of  water  In  well  at  _  150 

Tempe,  buttes  north  of,  view  of 98 

rocks  near 98,115.123 

seepage  land  near 118, 148-149, 150 

water  level  at,  variation  In 64, 

121.128 
waterworks  wells  at,  descrip- 
tion and  statistics  of      34-37, 

177-178 
Tempe  Butte,  description  of_-  115-116, 124 

geologic  map  of 110 

rocks  of 08,  100 

section  through 116 

to  Salt  River  Mountains.  126 

view  of 34,100 

Tempe  Canal  Company,  wells  of, 
description  and  sta- 
tistics of 33 

I'empe-Mesa  Produce  Company, 
well    of,    description 

and  statistics  of 40 

Tempe  Township,  shallow  wells  in, 
table  giving  records 

of 61-63 

Temperature,  flow  of  ground  water 

and,  relations  of 154 

of  wells,  table  showing 161 

variations  of,  with  depth..   17,  22, 161 
Tertiary    ( ?)   deposits,  occurrence 

and  character  of  _  98-100,111 
Tertiary     lavas,     occurrence    and 

character  of 100 

Tonto  basin,   clay  bank  in,  plate 

showing 112 

fossils   from 97 

history    of 112-114 

rocks  of 96 

side  canyon  In,  view  of 96 

sketch  protlle  through 117 

tilted  breccia  In,  plate  show- 
ing   112 

tilted  formations  at  upper  end 

of,  plate  showing 98 

Tonto  dam   site,   section   through 

Salt  River  gorge  at.  97 

Topography,   changes   In 115-116, 

1.S3,  180-187 
Township   1   south,  range  5  east, 
shallow      wells      in, 
table  giving   records 
of—, 61 
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Township  1  north,  range  6  east, 
shallow  wells  In, 
table  giving  records 
of 

Township  2  north,  range  4  east, 
shallow  wells  In, 
table  giving  records 

of 

range  5  east,  shallow  wells 
in,  table  giving  rec- 
ords of 
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15$ 
161 
12» 

128 
188 
12tv 
171 

.169 
160 
129 

187 
131 
162 
169 
18H 
127 


Underflow,  accessions  to 151- 

area  of  cross  section  of 160- 

character  of 124, 

courses  of 123- 

exhaustlon  of 175-176, 

lake  due  to 

method  of  measuring 153- 

quantlty  of,  in  various  other 

regions ,. 

rates  of 156- 

relatlon^  of  river  and 122» 

return  of 151-152,170-171, 

sources  of 122,  128- 

temperature  of 161- 

veloclty  of 156-158, 

volume  of 134,151-171,187- 

water  from,  analyses  of 

Src  also  Flow :    Underground 
water ;  Water. 
"  Underground    lake,"    use   of   ex- 
pression  

"  I'nderground   river,'*   use  of  ex- 
pression  

Underground  water,  areas  of,  map 

showing 

depth    to  

flow  of,  Into  drainage  ditch. . 

Kee  also  Flow, 
irrigation    from,    possibilities 

of 

plane  of,  depression  of 171- 

level  of,  relations  of  sur- 
face and 119-122. 

sections     showing     posi- 
tion of 102,  120, 

quantity  of 151-176, 

reserve,  amount  of 171-173, 

source  of 120-122. 

^ee  also  Gravels,  wnter- 
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104,123,141.161.177-178 
Value  of  water.     See  Water. 

Vegetation,  effects  of  salts  on 148-150 

Velocity  of  flow.     See  Flow. 
Verde  Valley,  cross  section  of,  near 

Mount   McDowell 

Vernon.  .Tohn  J.,  cited  on  pumping 

In  New  Mexico 

Viscosity  of  water,  variations  of, 

with  temperature 
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Wagner.    Frank,   well   of,   descrlp- » 

tlon  and  statistics  of       74.  91 
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Wash,  definitions  of  term 102-103 
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Water,    amount    of.    available    for 

pumping 173-176 
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ent   porosity 174 

now      being      withdrawn 
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Water  table,  depression  of,  due  to 
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showing 159 
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water-bearing. 
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LETTER  OF  TRANSMITTAL. 


Department  op  the  Interior, 
United  States  Geological  Survey, 

Hydrographic  Branch, 
Washington^  D.  CI,  Septemhet'^S^  190^. 

Sir:  I  transmit  herewith  a  paper  entitled  "Development  of  Under- 
ground Waters  in  the  Eastern  Coastal  Plain  Region  of  Southern  Cali- 
fornia," by  Mr.  W.  C.  Mendenhall,  and  recommend  that  it  be  published 
in  the  series  of  Water-Supply  and  Irrigation  Papers. 

This  report  is  the  first  of  three  papers  on  the  underground  waters 
of  the  coastal  plain  of  southern  California,  which  are  being  prepared 
by  the  division  of  hydrology  under  the  general  direction  ot  Mr.  N.  H. 
Darton.  When  the  series  is  complete  it  will  contain  a  list  of  nearly 
all  the  wells  in  this  section  of  the  State,  with  such  data  as  to  water 
levels,  irrigation  systems,  and  irrigated  lands  as  could  be  collected  by 
a  careful  canvass. 

The  studies,  a  part  of  whose  results  are  being  made  available  in  this 
way,  are  planned  to  cover  all  the  important  water-bearing  lands  of  the 
valley  of  southern  California.  In  most  instances  the  facts  gathered 
concerning  the  wells  and  the  distributing  systems  will  be  supplemented 
by  a  study  of  the  local  geology  in  so  far  as  it  controls  the  amount, 
distribution,  and  circulation  of  the  ground  waters.  The  hydrographic 
data  and  the  geologic  data  will  then  be  discussed  and  issued  together 
in  one  report.  In  the  coastal  plain  area,  however,  the  geologic  con- 
ditions being  relatively  simple,  and  the  hydrographic  data  being  large 
in  volume  and  of  paramount  importance,  it  is  deemed  best  to  issue  the 
latter  at  once,  rather  than  to  delay  it  pending  the  working  out  more 
fully  of  the  comparatively  unimportant  geologic  problems.  Therefore 
the  tables  and  maps  are  presented  here  for  the  consideration  of  water 
users,  with  a  comparatively  brief  text,  which  is  chiefly  descriptive, 
but  includes  a  discussion  of  the  effects  of  development  and  drought  in 
bringing  about  those  changes  in  water  levels  and  in  the  outlines  of 
artesian  areas  which  have  been  most  marked  within  the  last  five  or  six 
years. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer. 

Hon.  Charles  D.  Waloott, 

Director  United  States  Geological  Survey. 
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DEVELOPMENT.  OF  UNDERGROUND  WATERS  IN  THE 
EASTERN  COASTAL  PLAIN  REGION  OF  SOUTHERN 
CALIFORNIA.  

By  W.  C.  Mendenhall. 


INTRODUCTION. 

In  California  generally,  irrigation  engineering  and  water  develop- 
ment are  fuilher  advanced  than  in  any  otiier  part  of  the  Union,  and  in 
no  other  part  of  the  State  has  the  scientific  study  of  water  conserva- 
tion, distribution,  and  application  been  carried  out  so  fully  as  in  the 
valley  region  near  Los  Angeles.  The  lands  are  highly  productive 
when  water  can  be  applied  to  them.  The  climate  is  semiarid,  with  a 
rainfall  of  from  10  to  20  inches  in  the  tillable  areas,  practically  all  of 
which  is  confined  to  the  winter  months.  This  is  not  sufficient  to 
mature  the  more  valuable  crops,  hence  irrigation  must  be  resorted  to, 
and  the  extension  of  the  areas  of  cultivation  is  dependent  upon  an 
increase  in  the  water  supply.  The  flowing  waters  from  the  mountain 
canyons  were  long  ago  appropriated,  and  the  attention  of  irrigators 
and  engineers  during  the  last  decade  has  been  turned  largely  toward 
the  development  of  the  subterranean  sources. 

As  a  preliminary  step  in  the  study  of  the  amount,  availability,  dis- 
tribution and  proper  use  of  underground  waters,  the  majority  of  the 
wells  within  the  region  have  been  visited.  Data  have  been  collected 
concerning  the  size,  depth,  yield,  and  cost  of  the  wells,  and  the  tem- 
perature, purity,  and  use  of  the  waters.  The  present  and  past  arte- 
sian areas,  the  irrigated  lands,  and  the  main  canal  systems  have  been 
mapped.  Outside  the  artesian  belts  the  ground-water  level — the  posi- 
tion of  the  surface  of  the  plane  of  saturation — has  also  been  determined 
as  closely  as  possible.  In  short,  the  object  of  the  work  has  been  to 
collect  all  information  which  will  be  of  value  in  the  further  develop- 
ment of  the  water  resources  or  which  throws  light  on  past  develop- 
ment and  its  effects.  It  is  planned,  as  the  work  continues,  to  examine 
carefully  the  general  geologic  conditions  in  the  water-bearing  areas, 
as  the  depth,  form,  storage  capacity,  and  origin  of  the  subterranean 
reservoirs  and  the  circulation  of  the  waters  within  them  are  questions 
of  geology.     The  extent  to  which  these  stored  waters  may  safely  be 
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drawn  upon  depends  upon  their  amount  and  the  rate  at  which  they  are 
replenished.  Some  observations  on  the  latter  question  have  been 
made,  and  others  more  extended  and  systematic  have  been  beg'un  by 
the  Survey. 

By  the  valley  of  southern  California,  within  which  this  work  i.s 
undertaken,  is  meant  that  region  extending  30  or  40  miles  south  of  the 
San  Gabriel  and  San  Bernardino  mountains,  and  lying  between  the 
Pacific  Ocean  and  Cajon  and  San  Gorgonio  passes.  It  includes  th<' 
greater  part  of  the  productive  lands  of  the  southern  section  of  the 
State,  and  within  it  lie  most  of  the  prosperous  settlements  which  have 
become  famous  for  their  beauty,  fertility,  and  healthfulness. 

In  the  preliminary  work  on  the  underground  waters  within  this 
region  the  Survey  representatives  have  examined  about  11,000  wells 
of  all  kinds,  from  those  but  a  few  feet  in  depth  and  used  only  for 
domestic  supply  or  for  stock,  to  bored  wells  1,200  feet  deep  and  yield- 
ing in  many  cases  copious  flows  of  irrigation  water.  The  amount  of 
statistical  data  which  has  been  thus  assembled  is  large,  and  through 
the  courtesy  and  interest  of  water  users  and  irrigation  companies:}  is 
constantly  increasing. 

The  Anaheim  and  Santa  Ana  quadrangles,^  which,  together  comprise 
what  is  called  in  this  paper  the  eastern  coastal  plain  region,  include 
an  area  35  miles  long  and  15  miles  wide,  extending  from  longitude 
117^  45'  to  118^,  and  from  latitude  34^  to  the  Pacific  Ocean.  Thi> 
area  includes  the  lower  portion  of  Santa  Ana  River  below  its  lower 
canyon  through  the  Santa  Ana  Mountains.  The  greater  part  of  the 
San  Joaquin  Hills  are  within  the  Santa  Ana  quadrangle,  and  the 
central  part  of  the  Puente  Hills  are  in  the  Anaheim  quadrangle. 
Between  these  groups  of  hills  lies  the  eastern  end  of  the  southern 
California  coastal  plain,  including  a  part  of  the  famous  peat  lands  of 
Orange  County,  and  the  perhaps  equally  well-known  agricultural 
lands  about  Santa  Ana,  Orange,  and  Anaheim.  Under  these  lower, 
comparatively  level  lands  the  important  underground  waters  are 
found.  The  artesian  basin  of  the  coastal  plain,  the  largest  artesian 
ba»in  in  southern  California,  with  an  area  of  about  190  square  miles, 
occupies  the  northwestern  portion  of  the  Santa  Ana  quadrangle,  and 
extendi)  along  the  western  edge  of  the  southern  half  of  the  Anaheim 
quadrangle.  A  broad  zone,  originally  artesian,  but  not  now  yielding 
flowing  water,  stretches  across  the  southwestern  corner  of  the  Ana- 
heim quadrangle.  Within  this  zone  water  lies  within  easy  pumping 
distance. 


a  A  quadrangle  la  the  unit  of  survey  adopted  by  the  United  States  Oeolo^cal  Survey  for  the  topo- 
grmphic  and  geologic  atlas  of  the  United  States.  It  is  a  rectangular  area  16  minutes,  30  minutes,  or 
1  degn^e  in  extent  each  way,  bounded  by  piarallels  and  meridians,  and  having  an  area  of  one- 
sixteenth,  one-quarter,  or  one  square  degree.  The  quadrangles  disregard  political  boundarleii, sorb  «.«• 
thoHC*  of  States,  counties,  and  townships.  To  each  is  given  the  name  of  some  well-known  place  ur 
feature  within  its  limita.    A  sheet  is  the  topographic  map  of  one  of  the  above  areaa. 
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COASTAIi  PliAIN. 

The  coastal  plain,  of  which  the  lowlands  in  these  two  quadrangles 
form  a  part,  extends  from  the  Pacific  to  the  base  of  the  Puente  Hills 
and  the  Santa  Ana  Mountains,  and  from  the  Santa  Monica  Mountains 
to  the  San  Joaquin  Hills.  It  is  about  50  miles  long  and  from  15  to  20 
miles  wide,  and  has  an  area  of  approximately  775  square  miles.  It 
is  generally  a  smooth  plain 'with  an  elevation  along  its  inland  edge 
of  from  200  to  300  feet,  from  which  it  slopes  gently  to  sea  level  at 
the  coast.  San  Pedro  Hill  rises  well  above  it,  and  its  general  regu- 
larity is  interrupted  by  a  long  low  ridge  which  extends  from  the 
vicinity  of  Palms  to  Huntington  Beach.  This  ridge  is  not  continuous, 
as  a  wide  valley  has  been  cut  through  it  by  each  of  the  larger  streams 
which  flow  across  the  coastal  plain  to  the  sea,  thus  breaking  it  into  a 
series  of  detached  but  aligned  hills  of  different  heights.  This  broken 
ridge  forms  the  seaward  boundary  of  the  coastal  plain  artesian  basin. 
Within  the  area  treated  in  this  paper  it  is  a  rather  inconspicuous 
physical  feature,  existing  as  the  low,  broad  mesa  about  Huntington 
B^Eich,  and  perhaps  as  the  similar  feature  north  of  Newport  and 
enveloping  the  base  of  the  San  Joaquin  Hills. 

The  coastal  plain  is  underlain  by  a  succession  of  sand,  gravel,  and 
clay  beds  whose  constituent  materials  were  transported  to  their  pres- 
ent position  by  Santa  Ana,  San  Gabriel,  and  Los  Angeles  rivers, 
and  perhaps  in  small  part  by  the  waves  and  currents  of  the  Pacific. 
This  plain  represents  a  former  wide  bay  which  was  gradually  filled  by 
alluvial  debris  that  has  been  redistributed,  in  part  at  least,  by  oceanic 
waters  as  beach  sands  and  gravel.  Convincing  evidence  of  this 
factor  in  distribution  is  furnished  by  the  recent  marine  shells  which 
are  so  often  found  in  deep  and  shallow  wells  and  on  the  present  sur- 
face some  miles  from  the  shore  line. 

CROPS. 

Within  the  area  under  consideration  crops  and  soils  are  varied,  as  is 
generally  true  throughout  the  coastal  plain,  and  irrigation  practice  is 
not  at  all  uniform.  In  the  Anaheim  quadrangle  about  Orange,  Ful- 
lerton,  and  Anaheim  are  many  citrus  groves,  and  deciduous  fruits  and 
walnuts  are  extensively  cultivated.  Farther  south,  in  the  peat  lands, 
celery  is  becoming  a  more  and  more  important  crop,  and  sugar  beets, 
corn,  and  alfalfa  are  extensively  grown. 

The  citrus  groves  require  the  regular  application  of  water  through- 
out the  year,  irrigation  being  constant,  except  when  winter  rains  are 
sufficiently  heavy  to  serve  as  a  substitute.  Practice  is  not  uniform  in 
the  walnut  groves,  some  growers  maintaining  that  irrigation  is  not 
necessary.  This  may  be  true  in  moist  lands,  where  the  roots  can  reach 
the  ground  waters,  but  generally  ranchers  find  it  profitable  to  apply 
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water  during  the  summer  season.  Deciduous  orchards,  generallv-  in 
the  lower  lands,  are  under  irrigation,  but  in  the  vicinity  of  La  Hahra 
are  a  number  of  flourishing  groves  which  receive  only  the  rainfall. 

In  preparing  the  peat  lands  for  celery  the  soil  is  thoroughly  flooded, 
and  often  water  is  turned  on  again  once  or  twice  before  the  crop  i> 
mature,  but  in  the  moister  lands  one  or  both  of  these  later  applications 
may  be  omitted.  With  sugar  beets,  also,  practice  varies.  Wat<*r  is 
almost  invariably  used  in  preparing  the  land,  and  is  often,  but  not 
always,  applied  during  the  growth  of  the  crop.  Corn,  alfalfa,  pota- 
toes, and  peanuts  are  usually  irrigated,  while  grapes  and  barley'  aro 
sometimes  watered  during  dry  years,  but  these,  with  beans,  are 
regarded  as  the  principal  dry  crops. 

On  many  of  the  lands  which  lie  under  the  Santa  Ana  Valley  or 
Anaheim  canal  systems,  as  well  as  on  those  watered  from  pumpini^ 
plants,  a  certain  amount  of  rotation  is  practiced,  and  lands  which  are 
irrigated  one  year  may  stand  dry  during  another  or  may  l>e  planted  to 
a  crop  requiring  much  more  or  much  less  water  than  the  one  grown 
during  the  preceding  season.  This  is  possible  only  with  the  annuals, 
of  course.  Groves  or  other  crops  requiring  more  than  one  3'ear  ti> 
mature  can  not  be  rotated  in  this  way.  These  variations  in  crops  and 
in  irrigation  practice  make  it  difficult  to  estimate  the  duty  of  water  per 
acre  of  irrigated  land.  Citrus  lands  are  regarded  as  requiring  an 
equivalent  of  approximately  one  miner's  inch^  continuous  flow  for  eacli 
5  acres.     Other  crops  require  less,  some  of  them  very  much  leas. 

The  total  area  irrigated  during  the  season  of  1904  in  the  Anaheim 
quadrangle  Is  estimated  at  28,800  acres  and  in  the  Santa  Ana  quadrangle 
at  6,600  acres,  a  total  of  35,400  acres. 

In  this  estimate  of  the  total  acreage  irrigated,  and  on  the  maps 
showing  irrigated  lands  (Pis.  II  and  III),  those  areas  upon  which 
water  is  applied  in  the  manner  known  as  "subirrigation"  are  not 
included.  Subirrigation  consists  essentially  in  releasing  the  water  on 
the  surface  or  in  ditches  which  are  widely  separated,  whence  it  seejjs 
laterally  for  long  distances  through  the  fine  sandy  subsoil  which  is 
under  much  of  the  peat  lands.  The  method  is  applicable  only  where 
the  water  table  lies  near  the  surface.  It  amounts  in  effect  to  raising 
this  water  table  locally,  so  that  it  may  be  reached  by  the  nxyts.  of 
grasses,  corn,  beets,  and  other  plants  with  short  root  systems.  It  i*^ 
not  possible  to  map  the  areas  irrigated  in  this  way  or  to  estimate  their 
amount,  because  the  boundaries  are  wholly  indefinite  and  the  land> 
thus  watered  are  often  inseparable  from  those  which  are  naturally 
moist  enough  to  mature  crops.  This  method  is  applied  more  gener- 
ally to  pasture  lands  than  to  cultivated  areas. 

a  Wherevur  the  term  "  miner's  Inch  "  is  used  in  this  report  the  old  California  miner's  inch  is  meant 
This  unit  is  the  amount  of  water  that  flows  through  a  1-inch  oriflce  under  4  inches  pressure.    It  U 
equal  to  9  gallons  a  minute,  one-fiftieth  of  a  sccond-f(X)t,  or  14.478  acre-feet  a  year. 
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IRRIGATION  8Y8TEM8. 

Three  streams  supply  surface  irrigating  waters  for  the  Santa  Ana 
and  Anaheim  quadrangles.  These  are  San  (xabriel  River,  from  which 
water  ivS  brought  to  a  territory  east  of  Whittier,  in  the  La  Habra  dis- 
trict; Santa  Ana  River,  in  which  the  important  Anaheim  Union  and 
Santa  Ana  Valley  systems  originate;  and  Santiago  Creek,  whicH  sup- 
plies the  Serrano  and  Carpenter  ditches,  in  the  vicinity  of  Villa  Park 
and  El  Modena. 

SAN  GABRIEL  SYSTEM. 
LA   HABRA   AND   EAST   WHITTIER  WATER  COMPANY. 

The  La  Habra  and  East  Whittier  Water  Company  procures  water 
from  the  San  Gabriel  Valley,  above  the  Paso  de  Bartolo,  by  means  of 
a  battery  of  weUs  and  pumps.    The  water  is  discharged  into  an  old 


Fio.  1.— Cross  Bection  of  East  Whittier  ditch. 

ditch  which  has  been  covered  with  concrete  and  so  converted  prac- 
tically into  a  pipe  line  (fig.  1).  This  line  extends  to  Pickering 
avenue,  Whittier.  From  Pickering  avenue  to  the  La  Habra  pumping 
station  the  water  flows  through  a  36-inch  wooden  pipe  line.  From  the 
pumping  station  about  3,300  feet  of  26-inch  steel  pipe  is  used  for  the 
lift  of  110  feet  to  the  reservoir  above.  A  120-horsepower  steam  pump 
has  been  installed  for  this  lift. 

From  this  reservoir  about  6,000  feet  of  cement  pipe  extends  to 
an  arroyo  southeast  of  the  pumping  station,  and  a  24-inch  concrete 
pipe  runs  from  this  point  to  the  center  of  sec.  6,  T.  3  S.,  R.  10  W. 
A  22-inch  pipe  extends  thence  to  the  reservoir  and  pumping  sta- 
tion on  the  west  line  of  the  Rancho  San  Juan  Cajon  de  Santa  Ana. 
From  this  station  a  lower  22-inch  gravity  line  extends  to  the  east  side 
of  Brea  Canyon,  and  a  line  about  2,000  feet  long,  with  a  lift  of  66 
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feet,  extends  to  a  distributing  box  aboTe  the  pumping  station,  whence 
a  distributing  pipe,  in  part  steel,  extends  eastward  to  beyond  Brea 
Canyon. 

From  the  La  Habra  station  the  California  Domestic  Water  Com- 
pany has  a  grayity  line  running  southward  for  2  or  3  miles  toward 
Coyote  Creek  and  serving  the  adjacent  lands. 

SANTA  ANA  SYSTEMS. 

All  of  the  water  flowing  in  Santa  Ana  River  at  Bedrock  Oanyon. 
4  miles  west  of  Rincon,  where  its  flow  is  supposed  to  be  at  a  maxi- 
mum, is  taken  from  the  river  bed  and  divided  equally*  between  the 
Anaheim  Union  Water  Company,  which  supplies  the  lands  north  of 
the  river,  and  the  Santa  Ana  Valley  Irrigation  Company,  whirh 
serves  the  lands  south  of  the  river. 

A  division  box  of  wood,  supported  by  piling,  has  been  built  at  Bed- 
rock Canyon.  One-half  the  water  of  the  river  is  diverted  here  into 
the  Anaheim  Union  Water  Company^s  canal;  the  other  half«  after 
the  division,  is  returned  to  the  river  bed,  and  is  taken  out  again  at  the 
headworks  of  the  Santa  Ana  Valley  Irrigation  Company's  canal  3 
miles  below. 

ANAHEIM  UNION   WATEK  COMPANY. 

According  to  the  report  of  William  Ham.  Hall,  formerly  State 
engineer  of  California,  the  Anaheim  Union  Water  Company  is  the 
successor  to  the  earlier  rights  held  by  the  Anaheim  Water  Company, 
the  Kramer  ditch,  and  the  North  Anaheim  Canal  Company  and  it< 
predecessors,  the  Cajon  Irrigation  Company  and  the  Canon  de  Santa 
Ana  Water  Company. 

The  Kramer  ditch  was  the  oldest  of  the  water  rights  acquired.  It 
had  taken  water  from  the  river  several  years  before  the  founding  of 
Anaheim  in  1857,  and  had  used  those  waters  to  irrigate  the  Kramer 
tract.  For  its  rights,  the  Anaheim  Union  Water  Company  gave  2<> 
shares  of  nonassessable  stock. 

The  Los  Angeles  Vineyard  Society,  organized  in  1856,  secured  1,1  tV) 
acres  of  land  from  the  Rancho  San  Juan  Cajon  de  Santa  Ana  and  a 
water  right  based  on  the  riparian  rights  of  the  rancho.  It  built  a 
ditch  and  diverted  sufficient  water  to  irrigate  nearly  2,000  acres.  In 
1860  all  the  water  rights,  ditches,  canals,  and  rights  of  way  belonginjr 
to  the  society  were  conveyed  to  the  Anaheim  Water  Company. 

The  Cajon  Canal  was  begun  in  1875,  under  the  authority  of  the  Buv<h 
act  of  1874,  which  provided  for  the  organization  of  irrigation  distriott 
in  Los  Angeles  County,  under  the  supervision  of  a  county  superin- 
tendent of  irrigation. 

District  No.  1  was  organized  and  built  a  small  ditch,  about  3  feet 
wide  on  the  bottom,  to  the  mouth  of  the  canyon;  District  No.  2,  formed 
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later,  joined  the  first  district  and  the  canal  was  enlarged  to  its  present 
size.     After  an  expenditure  of  $40,000  the  work  was  abandoned. 

In  1876  the  Stearns  Rancho  Syndicate  organized  the  Canon  de  Santa 
Ana  Water  Company,  with  a  capital  stock  of  $200,000,  and  took  pos- 
session of  the  canal.  No  work,  however,  had  been  done  at  the  end  of 
two  years. 

In  1877,  seven  landowners  organized  the  Cajon  Irrigation  Company 
with  a  capital  stock  of  $20,000.  They  filed  on  4,320  miner's  inches  of 
water  at  the  head  of  the  partly  completed  Cajon  canal,  took  possession 
adversely  to  the  claim  of  the  Caffon  de  Santa  Ana  Company,  and 
brought  suit  to  quiet  title.  The  suit  never  came  to  trial,  but  posses- 
sion on  the  part  of  the  new  company  was  never  strongly  resisted  by 
the  older,  less  active  organization. 

The  stockholders  of  the  new  company,  although  not  wealthy  men 
and  having  a  hard  struggle  to  raise  the  necessary  means,  managed  to 
continue  construction  upon  their  canal.  At  the  time  when  they  were 
most  deeply  involved,  they  sold  one-half  interest  to  the  Anaheim 
Water  Company  for  $20,000,  and  with  these  funds  continued  the  work. 
In  1882,  because  of  defects  in  their  original  organization,  they  reor- 
ganized, taking  the  name  of  the  North  Anaheim  Canal  Company, 
whose  rights  had  been  purchased  for  $500  in  1878.  This  last-named 
company  was  organized  in  1872  to  irrigate  land  northwest  of  Ana- 
heim. Its  ditch,  with  a  capacity  of  1,500  miner's  inches,  rarely 
received  water  except  in  winter. 

The  joint  ownership  of  the  Cajon  canal  by  the  Anaheim  Water 
Company  and  the  Cajon  Company  was  never  a  satisfactory  arrange- 
ment. Disagreements  about  the  division  of  water  led  to  lawsuits, 
and  in  1884  a  consolidation,  resulting  in  the  formation  of  the  present 
Anaheim  Union  Water  Company,  was  effected. 

Under  its  present  organization,  which  was  completed  in  January, 
1884,  the  $1,200,000  capital  stock  of  the  company  is  divided  into  12,000 
shares,  of  which  8,004  shares,  representing  8,004  acres  under  irriga- 
tion, have  been  sold,  the  balance  being  held  as  treasury  stock.  The 
par  value  of  the  stock  is  $100  a  share,  and  the  present  (1904)  market 
value  is  about  $65  a  share.  Stock  in  the  water  company  is  not  appurte- 
nant to  the  land,  but  may  be  bought  or  sold  independently. 

The  main  canal,  of  cement  or  earth  construction,  has  a  capacity  of 
about  26  heads  of  100  miner's  inches  each.  The  minimum  supply  is 
given  as  about  800  miner's  inches.  Hall  gives  the  length  of  the  main 
canals  and  branches  as  over  100  miles,  and  the  officers  of  the  company 
state  that  about  35  miles  of  laterals  are  cemented.     (See  PI.  IV.) 

One  share  of  stock  entitles  the  owner  to  one  head  of  100  miner's 
inches  for  one-half  hour  during  each  inin  throughout  the  summer  season 
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of  minimum  supply.  When  water  is  abundant  there  is  no  time  limit, 
and  all  the  water  that  the  irrigator  desires  to  purchase  may  be  taken 
out.  The  water  to  which  ownership  of  stock  entitles  the  holder  is  paid 
for  at  present  according  to  the  following  schedule: 

Charge  for  water  under  canals  of  Aiwheim  Union  Water  Company  per  head  of  100  min^'* 

inches  per  hour. 

November,  December,  January,  and  February |0.  ^ii 

March i ¥} 

April  and  October .iO 

May  and  September «0 

June,  July,  and  August ..sii 

In  addition  to  these  payments  for  water,  assessments  are  made  eai-h 
year  to  pay  interest  on  debt  and  to  make  improvements.  Of  late 
years  these  assessments  have  averaged  about  $3.50  per  year  per  share. 

SANTA   ANA   VALLEY  IRRIGATION  COMPANY.^ 

The  water  rights  of  the  Santa  Ana  Valley  Irrigation  Company. 
which  serves  the  greater  part  of  the  irrigable  lands  south  of  Santa 
Ana  River  as  far  as  Santa  Ana  and  Tustin,  are  based  on  the  riparian 
rights  of  the  Rancho  Santiago  de  Santa  Ana  to  one-half  of  the  water 
of  Santa  Ana  River. 

When  this  ranch  was  partitioned  among  its  owners  by  decree  of  the 
court  in  1868,  each  owner  was  given  the  right  to  divert  from  the  river 
his  share  of  the  water  for  irrigation.  A  number  of  ditches  were  con- 
structed from  time  to  time  on  the  basis  of  this  right,  the  majority  of 
them  being  afterwards  abandoned.  The  rights  of  one  of  these  were 
secured  b}'^  the  Chapman  ditch,  which  was  extended  as  far  as  Orange 
in  1871.  In  1873  it  was  sold  to  the  Semi-Tropic  Land  and  Water  Com- 
pany and  extended  to  Santa  Ana  and  Tustin.  This  ditch  and  the  Wat- 
son ditch,  which  it  supplied,  diverted  one-half  the  waters  of  the  river: 
the  other  half,  which  belonged  to  the  irrigators  north  of  the  river. 
was  in  large  part  lost  in  the  sandy  bed  of  the  stream  before  reaching 
the  head  of  the  Anaheim  ditch.  The  result  was  a  shortage  of  water  on 
the  lands  served  by  the  Anaheim  ditch,  and  a  suit  was  begun  against 
the  Semi-Tropic  Water  Company  to  establish  the  right  of  the  Anaheim 
ditch  to  water  amounting  to  its  full  capacity.  In  the  lower  court  the 
decision  was  against  the  Semi-Tropic  Company,  but  in  an  appeal  thi> 
decision  was  reversed,  the  case  remanded  for  trial,  and  a  recommenda- 
tion made  by  the  court  that  the  litigants  agree  upon  an  equal  division 
of  the  water.  This  recommendation  was  accepted,  litigation  ceased, 
and  the  south-side  irrigators  have  since  held  undisputed  possession  of 
one-half  the  flow  of  the  river. 

a  The  Hketch  of  the  earlier  hiHtory  of  this  organization,  as  of  the  Anaheim  Union  Company,  Is  coo* 
densed  from  "  Irrigation  in  California,"  by  William  Ham.  Hall. 
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In  1877  the  Santa  Ana  Valley  Irri^tion  Company  was  incorporated 
with  a  capital  stock  of  $100,000,  divided  into  20,000  shares.  Its  object 
wa.s  to  extend  the  benefits  of  irrigation  to  the  20,000  acres  of  the  origi- 
nal rancho  entitled  to  water.  Improvement  of  the  original  system, 
was  immediately  begun  and  has  been  gradually  extended  until  now 
the  greater  part  of  the  main  canal  and  laterals  are  cemented,  and  excel- 
lent service  is  rendered. 

Of  the  20,000  shares,  16,055  are  sold,  the  balance  remaining  in  the 
treasury.  The  par  value  is  $5  per  share;  but  as  all  assessments  are 
added  to  the  cost  of  shares,  and  as  the  value  of  the  property  has 
increased,  these  now  (1904)  have  a  market  value  of  about  $60. 

The  stock  is  appurtenant  to  the  land,  and  may  not  be  sold  inde- 
pendently of  it.  Each  share  entitles  the  holder  to  1  head  of  100  miner's 
inches  of  water  for  a  half  hour  each  run  during  periods  of  scarcity 
and  for  an  hour  during  ordinary  periods.  When  water  is  abundant 
the  irrigator  may  use  ail  the  water  he  wishes  by  paying  the  current 
rates.  These  rates  are,  during  the  day,  20  cents  per  100  miner's  inches 
per  hour;  during  the  night,  10  cents  per  100  miner's  inches  per  hour. 

The  company  is  well  managed,  has  a  small  debt,  and  its  system  is  in 
splendid  condition.  Service  is  rendered  at  a  very  low  rate.  The  main 
canal  (PI.  V,  A)  extends  from  the  intake  in  the  lower  can3^on  of  the 
Santa  Ana  to  Burruel  Point,  a  distance  of  about  9  miles.  More  than 
half  of  this  canal  is  cement  lined,  with  an  average  width  at  bottom  of 
12  feet,  a  depth  of  5  feet,  and  a  width  at  top  of  22  feet.  Its  capacity 
is  about  7,000  miner's  inches.  Below  Buriniel  Point  the  main  canal  is 
divided  into  an  upper  and  lower  canal,  from  which  a  complete  system 
of  laterals  forms  a  network  through  the  country  served.  The  princi- 
pal laterals,  as  well  as  the  main  lines  of  the  system,  are  shown  on 
PI.  II. 

SANTIAGO  CANYON  SYSTEMS. 

Two  small  but  efficient  and  interesting  irrigation  systems  are  served 
by  the  waters  of  Santiago  Canyon. 

At  a  narrow  point  in  the  canyon,  known  as  the  Pointof  Rocks,  about 
24  miles  above  Villa  Park,  a  very  successful  submerged  dam  (PI.  V,  B) 
has  been  built  across  the  channel  of  the  stream.  It  extends  from  rim 
rock  to  rim  rock,  a  distance  of  110  feet,  and  has  a  maximum  height, 
where  the  channel  is  deepest,  of  19  feet.  At  this  point  its  width  on 
the  bottom  is  12  feet.  It  has  a  uniform  width  at  the  top  of  3i  feet 
along  its  entire  length.  An  earlier  clay  dam  had  been  built  at  the 
same  point,  but  after  its  partial  destruction  by  floods  the  present  rock 
and  concrete  structure  was  built  in  1892  by  the  Serrano  and  Carpen- 
ter associations,  jointly,  at  a  cost  of  $3,700.  All  of  the  underflow  of 
Santiago  Creek  at  this  point  is  forced  to  the  surface,  and  as  a  result  a 
continuous  flow  of  40  or  50  miner's  inches  is  maintained  throughout 
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the  dry  season.  Some  distance  above  the  dam,  in  the  valley  of  San- 
tiago Creek,  a  reservoir  of  earth  and  sand  is  tilled  by  the  winter  floods 
and  is  allowed  to  drain  slowly  away  by  seepage  into  the  gravels  of  the 
creek  bottom  during  the  succeeding  dry  months.  This  helps  to  main- 
tain the  summer  flow  over  the  surface  of  the  submerged  dam.  With- 
out these  inexpensive  but  most  successful  works  all  of  the  summer 
flow  of  Santiago  Creek,  during  dry  seasons  at  least,  would  escape  bv 
subsurface  percolation. 

From  the  submerged  dam  (PI.  V,  B)  the  water  is  conducted  along 
the  south  bank  of  Santiago  Creek  for  750  feet  in  a  28-inch  cement 
pipe  to  a  division  gate,  where  it  is  divided  equally  between  the  Ser- 
rano and  darpenter  companies,  operating  on  the  north  and  south  banki^ 
of  Santiago  Creek,  respectivel3\ 

SERRANO  WATER  COMPANY. 

The  Serrano  Water  Company's  right  dates  back  to  an  appro- 
priation of  one-half  the  waters  of  Santiago  Creek  by  Bush  and 
Watson  in  1872.  This  right  was  later  transferred  to  others,  and  in 
1876  the  Sermno  Water  Company  was  organized  by  J.  O.  and  R.  F. 
Lotspeich  and  five  others,  who  held  the  right  at  that  time. 

Previous  to  1879  the  water  was  diverted  by  primitive  dams  into 
earthen  ditches,  but  during  that  year  a  submerged  dam  of  clay  wa< 
constructed  to  bed  rock  and  a  cement  distributing  pipe  laid  from  the 
dam  to  the  lands  served.  In  1892,  the  older  dam  having  been  partly 
destroyed  by  flood,  it  was  replaced  by  one  of  rock  and  cement,  which 
is  still  in  use.  From  the  division  gate  below  this  dam  the  Seriano 
Company  has  3,200  feet  of  20-inch  cement  pipe  to  a  division  gab* 
between  the  two  tracts  known  as  the  Lotspeich  and  Grey  tracts,  served 
hy  this  association.  On  the  Lotspeich  tract  are  about  3  miles  of 
cement  pipe  from  10  to  16  inches  in  diameter,  and  on  the  Grey  tract 
are  about  li  miles  of  similar  pipe.  In  addition,  the  final  distribution 
on  a  portion  of  each  tract  is  made  by  open  ditches.  The  associatioD 
has  70  members  and  serves  1,303  acres.  The  water  is  apportioned  to 
each  member  in  proportion  to  his  acreage,  and  runs  through  in  l^i 
days. 

CARPENTER   WATER  COMPANY. 

October  1,  1872,  John  F.  and  Alexander  Carpenter  entered  upon  and 
appropriated  one  half  the  water  of  Santiago  Creek,  the  other  half  hav- 
ing been  appropriated  by  Bush  and  Watson  at  an  earlier  date.  J.  F. 
Carpenter  built  the  fii'st  ditch  soon  after  his  purchase,  and  conveyed 
his  land  and  water  rights  to  Oge  and  Bond  in  1874.  About  1881  the 
first  pipe  line  of  10  and  12  inch  cement  pipe  was  constructed.  It  wa** 
extended  in  1SS3  to  the  Santiago  Land  and  Water  Company's  reservoir 
north  of  El  Modena. 
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This  original  pipe  line  gave  unsatisfat^tory  service  because  of  its 
small  capacity,  and  in  1902  a  new  line  was  laid  at  a  cost  of  $8,000.  It 
consists  of  2,400  feet  of  20-inch  cement  pipe,  3,600  feet  of  18-inch 
cement  pipe,  and  about  9,000  feet  of  16-inch  pipe. 

This  company,  unlike  the  Serrano  Association,  was  incorporated  in 
1901,  the  stock  being  divided  into  1,600  shares,  at  a  par  value  of  $10 
per  share.  One  thousand  shares  are  distributed,  and  the  remainder  is 
held  as  treasury  stock.  The  shares  may  not  be  sold  except  with  the 
land. 

When  the  water  is  low  each  irrigator  uses  the  entire  supply  for  16i 
minutes  for  each  acre  irrigated.  At  this  rate  it  takes  181  days  to 
make  a  '^run;''  that  is,  to  water  once  all  of  the  lands  under  the  pipe 
lines.  When  water  is  more  abundant  the  lands  served  are  divided 
into  two  or  three  sections,  which  are  served  simultaneously,  and  use 
the  water  for  33  or  49^  minutes  per  acre  each,  so  that  a  run  as  before 
requires  18i  days,  but  each  irrigator  gets  two  or  three  times  the 
amount  of  water  that  is  served  him  when  the  supply  is  low.  The  light 
running  expenses  are  provided  for  by  annual  assessments  on  the  stock. 

The  title  to  the  waters  of  Santiago  Creek  for  irrigation  purposes, 
as  vested  in  the  Carpenter  and  Serrano  companies,  was  fully  confirmed 
in  a  decision  rendered  June  1,  1896,  in  the  superior  court  of  Orange 
County,  in  which  the  owners  of  Rancho  Lomas  de  Santiago  were  per- 
petually enjoined  from  using  the  waters,  except  for  domestic  purposes 
or  for  stock. 

Both  the  Serrano  and  Carpenter  companies  are  models  of  efficient 
and  economical  construction  and  management. 

I>RAINAGE  DISTRICTS. 

The  reclamation  of  the  peat  lands  in  the  western  part  of  the  Santa 
Ana  quadrangle  and  in  adjacent  quaditingles  to  the  west  has  been  a 
problem  of  drainage  i*ather  than  of  irrigation.  As  these  lands  are 
generally  nearly  flat  for  long  distances,  or  at  best  have  a  very  gentle 
if  uniform  slope  toward  the  coast,  it  has  not  been  pi'acticable  for  an 
individual  farmer  or  ranch  owner  alone  to  undertake  drainage.  Suc- 
cessful ditches  must  be  extended  to  the  tidal  sloughs  to  secure  an 
outlet.  This  has  often  meant  some  miles  of  construction,  and  has 
necessitated  cooperation  on  the  part  of  the  benefited  landowners. 
The  lands  of  the  district  are  dark,  especially  fertile  soils,  enriched  by 
vegetable  mold.  Without  artificial  drainage  they  are  generally  too 
damp  for  cultivation,  since  they  include  the  lowlands  along  the  lower 
course  of  Santa  Ana  River  and  overlying  the  lower  edge  and  most 
effective  portion  of  the  artesian  basin.  Strong  springs,  representing 
leakages  from  the  artesian  waters  below,  are  found  at  a  number  of 
points.     The  flow  from  thefee  has  kept  the  lands  about  them  saturated 


20         UNDERGROUND    WATERS,   SOUTHERN    CALIFORNIA 1.       [xo.  i^- 

ev^en  during  the  dry  season,  and  the  first  and  most  important  problem 
has  been  to  provide  for  the  free  escape  of  these  spring  waters. 

Under  a  State  law,  passed  in  1897,  two  drainage  districts  have  lieen 
organized,  each  with  its  governing  board  of  three  directors,  who 
properly  apportion  the  expenses  among  the  landowners  benefited. 
The  assessments  for  the  maintenance  of  the  systems  are  determined 
by  these  directors,  .the  county  collects  them  with  the  other  taxes,  and 
warrants  are  then  drawn  upon  the  county  treasurer  for  expenses 
incurred  in  construction  and  maintenance. 

BOLSA   DRAINAGE   DISTRICT. 

Only  a  part  of  the  Bolsa  drainage  district,  the  older  of  the  two 
organizations,  is  in  the  Santa  Ana  quadrangle.  It  includes  the  region 
about  Smeltzer  and  Celery  and  an  area  to  the  west  in  the  Los  Bolsas 
quadrangle. 

The  earliest  ditch  in  this  district  is  said  to  have  been  begun  by  the 
Stearns  Bancho  Company  many  years  ago.  Later  the  county  ex- 
tended the  original  Bolsa  ditch,  and  finally,  in  1899,  the  Bolsa  drainage 
district  in  its  present  form  was  organized.  It  includes  about  2,4<.'<» 
acres,  and  perhaps  16  miles  of  ditch  have  been  dug.  The  network  of 
ditches  is  being  slowly  extended,  and  much  tile  underdrain  with  out- 
lets in  the  main  ditches  is  being  put  in  by  ranchers.  Maintenance  i> 
said  to  cost  about  $1,000  per  year,  and  an  additional  sum  is  spent  each 
season  for  new  construction. 

WILLOWS  DRAINAGE   DISTRICT. 

The  Willows  drainage  district  was  finally  organized,  after  several 
unsuccessful  attempts,  during  the  spring  of  1904.  It  includes  an  area 
of  about  9,000  acres,  centering  about  the  village  of  Talbert.  A  num- 
ber of  old  ditches,  built  by  individual  or  community  effort  and  varying 
in  length  and  character  of  construction,  are  included  in  the  district  a-^ 
now  organized.  One  of  the  most  important  of  these  is  the  Willows 
ditch,  dug  in  1899  bj^  Messrs.  Lamb,  King,  Newland,  and  Bourebard. 
It  is  about  6  miles  long,  6  or  7  feet  wide,  and  3  or  4  feet  deep.  It 
cost  about  $1,800. 

The  Lamb  and  Bourchard  ditch  was  begun  as  a  small  ditch  in  187r>. 
In  1898  it  was  enlarged  and  extended,  and  is  now  about  3i  miles  long. 
but  of  varying  width  and  depth.  The  Newlands  ditch  is  about  H 
miles  long,  6  feet  wide,  and  3  feet  deep. 

The  district  at  present  includes  about  20  miles  of  canals,  but  has 
been  bonded  for  $20,000;  $10,000  of  the  bonds  are  being  sold  and  with 
the  proceeds  it  is  planned  to  perfect  and  extend  the  present  system 
until  about  28  miles  of  main  canals  are  constructed. 

The  lands  reclaimed  by  these  systems  are  proving  to  be  among  the 
richest  and  most  valuable  in  this  part  of  the  State. 
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UNDERGKOIFND  WATER. 
SOURCE. 

The  sands  and  gmvels  that  underlie  the  coastal  plain  are  saturated, 
from  a  point  whose  distance  below  the  surface  varies  with  locality,  to 
bed  rock,  which  lies  at  an  unknown  depth.  The  water  has  been  sup- 
plied chiefly  by  the  large  streams  that  flow  across  the  coastal  plain 
and  derive  their  supply  from  the  higher  mountains,  where  precipita- 
tion is  greater  and  direct  evaporation  less  than  in  the  lowlands. 

The  amount  at  present  stored  in  these  gravels  represents  slow 
accumulation  through  long  periods.  Even  through  the  summer  it 
without  doubt  receives  accessions  from  the  underground  flow  of  the 
larger  rivers,  from  slow  drainage  of  the  slopes  of  neighboring  hills, 
and  from  return  waters  from  irrigation;  but  these  contributions  must 
be  very  small  as  compared  with  those  received  through  the  absorption 
of  flood  waters  and  direct  rainfall  during  the  winter.  The  winter 
accessions  are  received  mainly  along  the  inner  edge  of  the  coastal  plain, 
where  the  rivers  first  discharge  upon  it,  and  where  its  sands  and 
gmvels  are  coarser;  hence  the  saturating  water  must  move  slowly  sea- 
ward at  varying  rates,  which  depend  upon  the  coarseness  of  the  medium 
through  which  it  is  percolating.  Some  of  it  passes  beneath  the  clay 
beds  which  alternate  with  the  sand  and  gravel  in  the  flatter  lower  por- 
tions of  the  coastal  plain  and  dip  with  the  general  surface  toward  the 
sea.  The  water  beneath  such  a  sloping,  impervious  clay  bed  finds  its 
exit  along  the  lower  edge  of  the  bed,  but,  checked  bj^  the  increasing 
imperviousness  of  the  stratum  through  which  it  is  passing,  or  by  a 
fold  in  the  beds,  or  b}^  an  earlier  ridge  against  which  they  abut,  accu- 
nmlates  head  and  flows  at  the  surface  of  the  ground  when  the  overly- 
ing confining  mass  is  pierced  by  a  drill.  This  is  the  general  explanation 
of  the  artesian  conditions  which  prevail  here.  North  of  the  artesian 
belt  the  ground  water  is  found  at  a  depth  which  usually  increases 
ifiland  from  the  artesian  area  toward  the  hills.  Near  the  hills  it  may 
lie  at  depths  which  preclude  pumping  at  a  profit  for  ordinary  crops. 
South  of  the  artesian  area  the  depth  of  the  ground-water  level  varies 
with  the  topography,  being  least  in  the  lowest  lands  and  greater  in 
those  which  are  higher. 

The  ground  waters  which  are  not  artesian  have  precisely  the  same 
origin  as  those  which  exist  under  pressure.  Indeed,  they  are  part  of 
the  same  subterranean  water  body,  due  to  rainfall,  in  part  local,  in 
greater  part  run-off  from  the  higher  mountain  areas  which  surround 
the  valleys,  whence  they  flow  to  the  lowlands  as  winter  flood  waters. 

PERMANENCE  OF  THE  UNDERGROUND  WATER  SUPPLY. 

The  decade  of  dry  years  through  which  southern  California  has 
passed  seems  likely  to  have  broiight  the  flow  of  surface  streams  down 
to  a  minimum,  so  that  those  irrigators  who  depend  on  the  surface 
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flows  and  have  adjusted  themselves  thoroughly  to-  this  determined 
minimum  have  no  ground  for  further  concern  as  to  their  supply, 
provided  their  rights  are  so  thoroughly  adjusted  legally  that  ri\*aLs 
can  not  enter  the  field  and,  either  by  surface  diversions  or  by  the 
installation  of  wells  and  pumps,  either  above  or  below  them,  divert 
their  waters. 

The  supply  derived  from  underground  sources  is  in  a  less  stable  and 
well-adjusted  condition.  The  underground  reservoir,  which  lies  along 
the  coastal  plain  and  furnishes  the  subterranean  waters  used  in  the 
Anaheim  and  Santa  Ana  quadrangles  (see  Pis.  VI  and  VII),  is  by  far 
the  largest  and  has  much  the  greatest  capacity  of  any  in  southern  Cali- 
fornia (see  PI.  I).  It  is  fed  by  the  flood  waters  and,  to  a  much  smaller 
degree,  by  the  underground  seepage  of  the  three  most  important 
streams  in  this  part  of  the  State — Los  Angeles,  San  Gabriel,  and 
Santa  Ana  rivers.  Other  less  important  accessions  to  its  supph^  are 
local  rainfall,  minor  drainage  from  adjacent  hills,  and  return  water:^ 
from  irrigation. 

The  three  largest  streams  named  above,  which  form  the  main  source 
of  the  underground  waters,  are  somewhat  less  efficient  now  as  agents 
for  the  replenishment  of  the  underground  supply  than  before  the  settle- 
ment of  the  country.  All  of  their  normal  flow,  for  some  years,  has  been 
diverted  before  it  reaches  the  coastal  plain,  and  an  important  percent- 
age of  the  minor  floods  is  used  by  irrigators  along  the  upper  parts  of 
the  streams.  Only  the  greater  floods  reach  the  lower  stretches,  and 
of  them  a  somewhat  smaller  percentage  than  formerly  escapes  absorp- 
tion by  the  alluvial  fans  just  below  the  canyon  mouths,  because  the 
absorptive  capacity  of  the  fans  has  been  increased  by  their  drainage 
in  the  search  for  water  for  irrigation.  The  accretions  from  local  rain- 
fall and  minor  undiverted  drainage  from  near-by  hills  have  not  been 
aflfected  by  settlement.  They  depend  upon  annual  precipitation  and 
vary  with  it.  The  accretions  from  return  irrigation  waters  furnish  a 
source  which  did  not  exist  before  the  colonization  of  the  region,  but  as 
these  are  a  variable  and  probably  generally  a  small  portion  of  the  extra 
dmfts  which  man  has  made  upon  the  underground  supply,  either  by 
drawing  directly  from  it  or  by  diverting  stream  waters  which  would 
otherwise  be  added  to  it,  they  serve  only  to  reduce  slightly  the  effect 
of  these  drafts. 

The  sum  of  all  these  efl'ects  must  be  a  notable  decrease  in  the  amount 
of  water  annually  added  to  the  underground  reservoirs.  Meanwhile 
there  have  been  extensive  drafts  made  upon  them,  and  these  drafts  are 
constantly  increasing.  There  are  nearly  3,0()0  wells  in  the  area  under 
discussion  and  over  8,000  in  the  entire  coastal  plain  belt.  Of  the  for- 
mer, 800  were  flowing  wells  in  the  spring  of  1904,  400  were  equipped 
with  power  pumping  plants,  and  nearly  900  had  windmills  over  them. 
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The  remainder  were  domestic  wells,  whose  drafts  upon  the  under- 
ground supply  are  inconsiderable.  In  the  two  quadrangles  under 
discussion  the  total  output  from  the  wells  that  could  be  measured, 
or  whose  owners  could  furnish  definite  data  as  to  the  yield,  amounts 
to  240  second-feet  during  the  pumping  and  irrigating  season.  These 
figures  include  the  yield  both  of  artesian  wells  and  pumping  plants. 
The  pumping  season  varies  with  the  crop  and  the  rainfall,  but  usually 
lasts  from  fifty  to  one  hundred  days.  Many  of  the  artesian  wells  are 
open  the  year  round,  others  are  capped  when  not  in  use,  and  since  in 
the  above  computation  there  were  omitted  all  wells  which  yield  less 
than  1  miner^s  inch,  all  natural  springs,  of  which  there  are  several 
with  a  large  yield,  and  a  great  number  of  artesian  wells  which  for  one 
or  another  reason  were  not  acce^ssible  for  measurement,  it  is  considered 
well  within  the  truth  to  estimate  the  draft  of  240  second-feet  as  con- 
tinuous for  two  to  three  months  in  the  year,  equivalent  to  an  annual 
draft  of  40  to  60  second-feet,  upon  the  underground  supplies.    • 

The  amount  of  annual  withdrawals  from  underground  sources  may 
be  estimated  in  another  way.  The  total  area  under  irrigation  on  the 
two  quadrangles  is  about  35,000  acres.  On  the  basis  of  a  dut}*  of  1 
miner's  inch  to  from  7  to  10  acres,  continuous  service,  from  70  to  100 
second-feet  of  water  would  be  required  for  this  acreage.  As  the 
minimum  supply  received  in  this  area  from  the  Santa  Ana,  the  San 
Gabriel,  and  Santiago  Creek  is  from  30  to  40  second-feet,  this  estimate 
leaves  40  to  60  second-feet  to  be  supplied  by  the  underground  sources. 
Neither  estimate  is  very  accui*ate,  but  as  the  two  are  in  accord  the 
result  may  be  accepted  as  being  approximately  correct. 

This  means  that  the  water  which  is  being  drawn  from  the  under- 
ground reservoir  in  the  Santa  Ana  and  Anaheim  quadrangles  is  equal 
to  from  one  to  one  and  one-half  times  the  minimum  flow  of  Los 
Angeles  River  at  the  headworks  of  the  city  canal,  or  of  Santa  Ana 
River  at  Bedrock  Canyon,  where  the  diversion  works  of  the  Anaheim 
and  Orange  systems  are  located. 

It  is  estimated  that  $250, 0(K)  is  already  invested  in  pumping  plants, 
and  the  number  of  these  is  increasing  as  rapidly  as  the  machinery  can 
be  secured.  Many  owners  of  stock  in  the  Anaheim  Union  Water 
Company  have  disposed  of  their  stock  and  depend  upon  the  under- 
ground supply  entirely. 

The  number  of  wells  within  the  present  artesian  belt  (see  Pis.  VI 
and  VII)  is  being  rapidly  increased  also,  and  with  the  decrease  in 
pressure  and  the  falling  water  plane  some  lands  must  be  irrigated 
which  formerly  were  sufliciently  moist  to  mature  crops  without 
irrigation. 
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Here,  as  in  other  parts  of  southern  California,  the  effect  of  the  lo« 
rainfall  of  the  last  decade  and  the  constantly  increasinfr  drafts  upon 
the  stored  waters,  is  shown  in  a  decreased  flow  in  the  artesian  wells. a 
shrink^e  of  the  artesian  area,  and  a  lowering  of  the  water  table  out- 
side of  it.  The  original  area  of  the  coastal  plain  artesian  belt  was  nearly 
300  square  miles;  the  present  area  is  less  than  300  square  miles  (P).  1|. 
Originally,  there  were  about  36  square  miles  of  aiiesian  water-bearinjr 
lands  in  the  Anaheim  quadrangle;  now  there  are  only  about  4  square 
miles  in  which  the  water  flows  (PI.  VI).  In  the  Santa  Ana  quadninjrli' 
the  loss  has  been  less  because  this  quadrangle  includes  the  lower  and 
more  favorably  situated  portion  of   the  artesian  >>elt.     The  original 


aivii  here  was  about  70  sfjuare  miles,  and  the  present  area  is  nearly 
57  siiuare  miles  (PI.  VII). 

The  effect  on  the  water  plane  outside  of  the  artesian  area  is  graph- 
ically shown  in  the  accompanying  profile  (fig.  2)  which  has  been  pn'- 
pared  from  a  systematic  series  of  measurements  made  by  Mr,  .1.  It. 
Noff,  on  the  water  level  in  the  wells  near  Anaheim  from  which  he 
draws  his  irrigation  water.  March  1,  1898,  the  surface  of  the  zone  of 
satumtion  in  these  wells  stood  2li  feet  below  the  land  surface.  From 
this  time  through  the  remainder  of  the  dry  period,  lasting  until  tbr 
fall  of  lyod,  the  decline  was  continuous  and  very  regular,  averaging 
lietween  6  and  7  inches  per  month      The  moderately  heavy  rainfall  of 
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the  succeeding  winter  (1900-1901)  mised  the  level  2  feet,  hut  the  gain 
was  lost  hy  the  middle  of  the  following  summer,  and  the  decline  con- 
tinued at  varying  rates  until  April  1,  1903.  During  April  and  May 
the  water  level  rose  li  feet,  but  quickly  fell  about  to  the  point  at 
which  it  stood  before  the  spring  rains.  This  level  was  maintained 
until  January  1,  1904.  Since  then  the  water  has  gone  down  mpidly 
because  of  the  dry  winter  of  1908-4,  and  the  rapid  increase  in  the  num- 
ber of  piunping  plants,  until,  on  August  1,  1904,  it  was  more  than  50 
feet  below  the  surface,  an  average  decline  of  over  4  feet  per  year  since 
observations  began. 

Rainfall^  in  inches,  at  Anaheinit  Cal. 


Year. 

July.' 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
T. 
.00 
.00 
.00 
.00 
.00 
T. 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
T. 
.00 

Aug. 



0.00 
.00 
.00 
.00 
.00 
T. 
.00 
.00 
T. 
.00 
.00 
T. 
.00 
.00 
.00 
.00 
T. 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Sept. 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
T. 
.00 
.76 
.29 
.00 
.00 
.00 
.10 
.00 
.00 
.10 
T. 
.07 
.00 
.00 
.00 
.38 

Oct. 

0.15 
.11 
.28 
.81 
.26 

1.12 
.15 
T. 
.00 
.75 
T. 

2.31 
.00 
.00 
.19 
.00 
.00 
.00 

1.98 

1.60 
.00 

1.32 
.3-i 

1.34 
.40 
.06 

Nov. 

T. 

1.72 
.44 
.34 
.78 
.00 
.64 

2.93 
.33 

Dec. 

"1 
0.95 

3.10 

4.92 

.37 

.00 

1.40 

3.?2 

1.16 

T. 

Jan. ' 

1.96 
1.29 
.25 
.40' 

1.48 

2.80 

.61 

4.63 

.4:} 

6.29 

.14 

3.36 

.24 

.77 

2.98 

.68 

6.92 

3.25 

3.00 

1.6.'i 

2.78 

1.-29 

3.50 

1.70 

1.22 

.19 

! 

Feb. 

Mar. 

Apr. 

0.37 

2.20 

.06 

.48 

0.10 

1.75 

.64 

2.61 

2.21 

T. 

.24 

.00 

1.81 

.15 

.23 

.13 

.05 

T. 

.00 

.20 

.20 

1.09 

T. 

.11 

4.47 

.82 

May. 

T. 

0.00 
.00 
.40 

2.78 
.64 
.00 
.00 
T. 
.00 
.57 
T. 
.40 

1.48 
.00 
.10 
.10 
.00 
.00 

1.00 
.00 

1.49 

2.30 
.07 
.00 

June. 

0.00 
.00 
.00 
.00 
.00 

1.28 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.51 
.09 
.00 
T. 
.00 
.00 

Total. 

1H7H-79 

0.57  '  0.35 

1.82     1.57 

.28       .85 

4.35 

1879-80 

11.31 

1S80-81 

7.08 

1881-82 

1.90 

2.42 

7.12 

1882-83 

1.98     1.22 

8.60 

18.S^84 

18.S4-85.! 

18S5-86 

1886-87 

10.58 

.00 

.82 

5.71 

6.70 
.00 

2.70 
.00 

26.17 
5.76 

14.75 
8.68 

1887-88 

.92     2.16 
3.75  ,  4.19 
.30   10.95 
.19     3.33 
.00     1.44 
.W     1.48 
.30  '  2.38 
.  00     5.  fi9 

.92  '  5.90 
1.28     7.97 
1.54       .78 
9. 05       .59 

16.94 

1888-89 

18.14 

1889-90 

20.00 

1890-91 

15.98 

1891-92 

2.36 
2.06 

1.23 
6.07 

7.42 

1892-93 

13.95 

1893-9^1 

.35  1     .48 

.68     2.63 

.00     3.03 

4.35     2.20 

.10     1.00 

.15  1  1.61 

.00       .73 

3.11       .59 

3.16     3.20 

2.61  1  5.58 

1.39     3.61 

4.42 

1894-96 

16.07 

1896-96 

.97 

.48 

7.73 

1896-97 

1.40 
.00 
.00 

.81 

1.59 
.00 
.20 

1.45 

14. 52 

1897-98 

5.65 

1898-99 

1899-1900 

5.25 

8.37 

1900-1901 

4.81 

.00 

14.65 

1901-2 

.60 

nn 

10.08 

1902-3 

1.36     3.83 
.00  •     .00 

19.47 

1903-4 

6.45 

Average,  26  years,  11.45. 
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Rainfallt  in  incheSj  lU  San  Bernardino^  Chi. 


Year. 


1870-71.. 
1871-72.. 
1872-73.. 
1873-74.. 
1874-75.. 
1875-76.. 
1876-77.. 
1877-78. . 
1878-79.. 
1879-80. . 
1880-81.. 
1881-82. . 
1882-^.. 
1883-84.. 
1884-85. . 
1885-86.. 
1886-87.. 
1887-88. . 
1888-89.. 
1889-90.. 
1890-91.. 
1891-92. . 
1892-93. . 
1893-94.. 
1894-95. . 
1895-96.. 
1896-97.. 
1897-98. . 
1896-99.. 
1899-1900 
1900-1901 
1901-2... 
1902-3... 
1908-4... 


July. 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.07 
,11 
.00 
.00 
.00 
.19 
.00 
.00 
.00 
.11 
.00 
.17 
.13 
.00 
.00 
.20 
.00 
.00 
T. 
T. 
.00 
.00 
.34 
.00 
.01 
.00 


Aug.  Sept. 


0.00  ' 
.(K4| 
.18 

1.06  ' 
.00 
.00 
.00 
.00 
.00 
.02 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.04 
.00 

.m 

2.16 
.91 
.00 
.00 
.16 
.00 
.17 
.00 
.00 
T. 
.00 
.27 
.00 
.15 


Oct. 


0.02 
.13 
.04 
.02 
.06 
.00 
.00 
.00 
.02 
.01 
.00 
.00 
.00 
.53 
.00 
.00 
.00 
.09 
.00 
.11 
.88 
.93 
.00 
.05 
.37 
.00 
.00 
.13 
.00 
.01 
.23 
.07 
.00 
.46 


0.09 
.60 
.00 
.01 

1.82 
.00 
.20 
.86 
.14 
.9i 
.14 
.80 
.10 
.85 
.00 
.39 
.00 

1.17 
.05 

2.30 
.58 
T. 
.16 

1.05 
.15 
.00 

2.10 

2.10 
.03 
.81 
.36 

1.09 
.09 
.07 


Nov. 


3.11 
.88 

1.17 
.74 

1.88 

7.50 
.40 
.50 

.a5 

3.40 

.67 

.27 

.15 

.09 

.11 

4.36 

.11 

2.29 

4.12 

2.23 

1.27 

T. 

1.02 

.30 

.00 

1.14 

.98 

.21 

.05 

1.47 

6.10 

.28 

1.94 

.00 


Dec. 


0.89 

3.91 

4.40 

5.73 

2.20 

.02 

.00  ; 

3.95  ' 

4.70 

6.50 

8.80 

.50 

.45 

2.63 

3.75 

1.20 

.61 

1.91 

4.64 

10.85 

3.02 

1.67 

2.23 

2.28 

7.25 

.66 

1.09 

.57 

.44 

.84 

.00 

.04 

1.94 

.00 


Jan. 

Feb. 

6.91 

2.21 

.00 

2.20 

6.50 

1.25 

5.61 

8.76 

7.20 

.15 

6.55 

1.92 

3.50 

4.03 

8.83 

6.68 

3.59 

1.00 

1.56 

1.33 

1.40 

.86 

1.11 

2.65 

1.60 

1.10 

1.63 

12.20 

Mar. 


2.79 
6.34 

.39 
4.01 

.93 
5.44 

.00 
3.24 
4.53 
1.26 
7.89 
2.02 
3.40 
2.10 
2.03 

.92 
3.48 
1.65 
1.96 

.18 


.11 

2.52 

6.44 

3.60 

1.50 

2.52 

7.78 

3.30 

3.37 

.88 

1.14 

.00 

5.40 

.60 

.51 

.00 

4.58 

3.02 

1.67 

2.21 


Apr.    May.  Jun*'.  T(4a'. 


0.19 

0.34 

.37 

.79 

.51 

.84 

1.08 

.48 

.22 

.07 

3.41 

.44 

.83 

.26 

2.57 

i.n 

.50 

1.20 

1.45 

5.00 

1.66 

.46 

3.30 

2.91 

2.82 

2.95 

9.95 

5.68 

.28 

1.89 

4.18 

2.86 

4.41 

1.90 

3.41 

.58 

6.55 

2.05 

.89 

.00 

.06 

.53 

1.75 

.37 

8.00 

.48 

1.15 

.40 

8.44 

.64 

2.92 

.37 

8.41 

.08 

.97 

.48 

3.22 

.07 

.92 

1.96 

.43 

.66 

3.89 

.57 

6.47 

3.10 

5.34 

.80 

0.11 
.06 
.21 
.42 
.05 
.03 
.SO 
.60 
.24 
.04 
.01 
.00 
.00 

3.17 

1.69 
.82 
.42 
.52 

1.13 
.31 

1.67 

2.10 
.03 
.56 
.44 

l.OO 
.11 

1.08 
,19 

1.71 

1.23 
.12 
.24 
.16 


0.07  * 
.00 
.00 
.00 
.00 
.03  I 
.00  ' 
.07 
.03 
.00 
.00, 
.00 

t 

.00 

..» 

.19' 

.16 

.22  1 

.03 

.00 

.00  I 

.00 

.08 

.00 

.00 

.00 

.00 

.00 

.00 

.95 

.00 

.05 

.15 

.00 

.00 


IVl' 

ii.a 

19. » 

9  v: 

II  -I 

'JLI.  >. 

li'O 

11. M 

9  IT 

s:  M 

III  -^1 

14  v 
17  7. 
2H.^ 

1VIP» 

14  .r 

IV  *- 

s.U 

20l» 

*  r. 

If.  74 

;.« 

17.  > 

IMS 

17.  t! 

9.:  7 


Average,  34  seasons,  15.06, 

In  order  to  determine  the  relative  weights  of  excessive  dev^elopnient 
and  deficiency  in  rainfall  in  bringing  about  this  effect,  rainfall  tables 
are  given  and  charts  presented  in  whch  the  excess  and  deficieDcy  of 
rainfall  for  a  period  of  years  at  Anaheim  and  at  San  Bernardino  are 
shown  (figs.  3  and  4). 

Since  the  coastal  plain  basin  is  supplied  chiefly  by  the  drainage  from 
Los  Angeles,  San  Gabriel,  and  Santa  Ana  rivers,  its  water  supplies 
are  affected  more  by  the  rainfall  within  the  San  Gabriel  and  San 
Bernardino  mountain   ranges  than   by  local  rainfall.     A  composite 
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ro4-ord.  compiled  from  local  records  in  each  of  these  valleys  and  at 
various  poinbt  within  the  coastal  plain,  would  furnish  the  mostsatis- 
factoi-y  basis  for  comparisou,  but  since  excessive  rainfall  in  one  part 


of  southern  California  generally  meanu  excessive  rainfall  in  other 
parts,  although  the  absolute  quantity  at  various  points  may  differ 
greatly,  the  percentage  of  variation  from  the  avemge  at  any  point 


«B 
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^Why  be  asi^umcd  to  be  nearly  equal  to  the  percentage  of  variation  from 
Wft  average  at  other  points, 

''^Ij'  preparing  charts,  as  those  from  San  Bernardino  and  Anabrim 
are  prepared,  the  departure  from  the  average  for  each  year  is  l»rou{,'hl 
out  instead  of  the  total  precipitation.  It  is  thus  seen  at  a  glance 
whether  the  rainfall  for  any  particular  season  is  above  or  below  the 
general  average.  Such  charts  are  ospcciatly  valuable  for  coinparixni 
with  a  profile  like  that  of  Mr.  NelTs  (fig.  2)! 
The  underground  waters  should  not  be  withdrawn  faitt-r  than  thfv 


aro  rcstoi'od  during  years  of  avei-age  rainfall.  In  a  conservative  usp 
of  these  stored  waters,  as  iTguIating  reservoirs  and  I'eser^e  supptic^. 
thpy  will  of  course  be  drawn  down  during  years  of  deficiency  in  rainfall, 
but  will  recover  during  years  of  excessive  precipitation.  If  the  watrr 
plane  continues  to  decline  when  the  precipitation  is  aljove  the  averago, 
and  fails  of  rostomtion  during  years  of  great  exces,s  it  means  that  .i 
permanent  lowering  is  taking  place,  whose  i-ate  may  be  expected  in 
increase  with  further  developments. 
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In  the  Neff  welLs  the  decline  was  shai-pest,  as  should  he  expected,  in 
the  3'ears  of  great  deKciency  which  preceded  1901.  The  rainfall  that 
winter,  which  was  over  2  inches  above  the  average  in  San  Ifcrnardino 
and  somewhat  more  than  8  inches  above  the  avei*age  at  Anaheim,  pro- 
duced a  temporary  rise  in  the  profile  representing  the  Anaheim  water 
level,  but  that  rise  was  lost  })efore  the  end  of  the  succeeding  August, 
proving  that  with  the  drafts  at  that  time  made  upon  the  underground 
water  bodies,  a  rainfall  above  the  average  was  not  suflBcient  to  restore 
the  waters  annually  taken  out. 

After  this  winter  of  excessive  precipitation  the  decline  was  continu- 
ous, although  not  at  a  unifonn  rate,  through  the  succeeding  dry  year, 
until  early  in  1903,  when,  in  response  to  another  year  of  increased 
niinfatl,  the  water  level  rose  about  H  feet,  but  this  effect  had  passed 
and  the  water  level  had  fallen  about  to  the  level  of  the  previous 
autumn,  by  August  1.  The  winter  of  1903-4  was  again  a  winter  of 
marked  deficiency  and  in  the  region  about  Anaheim  there  was  a 
very  rapid  installation  of  pumps.  In  consetiuence,  the  water  level 
declined  during  the  spring  of  1904  as  rapidly  as  at  any  time  since 
observations  began,  and  on  August  1,  1904,  passed  below  the  50-foot 
level. 

The  significant  point  about  these  declines  is  that  they  have  continued 
through  years  of  more  than  average  minfall,  although  every  foot  of 
decline  decreases  pressure  and  yield  of  flowing  wells  and  stops  the  flow 
of  some  wells  entirely,  thus  tending  to  reduce  the  drafts.  Evidently, 
the  rapid  increase  in  the  number  of  wells  more  than  offsets  the 
decrease  in  individual  yield,  so  that  the  constant  effect  is  an  in- 
crease in  the  total  amount  of  water  withdrawn.  Eventuallv  the 
falling  water  plane  will  cut  off  so  many  flowing  and  pumped  wells 
that  the  drafts  will  no  longer  be  in  excess  of  the  supply,  and  the 
water  plane  will  then  remain  stationary.  But  that  point  will  be  per- 
manently lower,  and  if  drafts  continue  to  be  increased  it  may  be 
much  lower  than  the  original  ground-water  level.  Where  it  is  finally 
fixed  depends  upon  the  water  users  themselves.  One  thing  is  certain, 
more  water  can  not  be  continuously  drawn  from  a  reservoir  of  any 
sort  than.is  supplied  to  it,  and  it  is  clear  that  more  is  now  being  taken 
from  this  portion  of  the  coastal  plain  than  is  being  added  by  natural 
processes.  The  water  level  therefore  will  continue  to  fall  until  by 
falling  it  has  reduced  the  drafts  until  they  are  no  longer  in  excess  of 
supply.  A  series  of  years  of  heavy  rainfall,  which  are  earnestly  hoped 
for  by  water  users  throughout  southern  California,  would  partly  fill 
the  depleted  reservoirs,  partly  restore  the  original  water  level,  brace 
the  now  tottering  belief  that  the  underground  water  resources  are 
inexhaustible,  and  encourage  further  unwise  development,  so  that 
when  average  conditions  returned  the  decline  would  be  more  i^apid 
than  at  present,  and  much  harm  would  result.     As  a  matter  of  fact, 
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the  present  cycle  of  dry  years,  coming  thus  early  in  the  agricultural 
development  of  the  region,  will,  if  it  continues  long  enough  to  call 
attention  to  the  earnest  need  of  conservation  of  subsurface  supplies,  he  a 
scarcely  disguised  blessing.  The  general  complaint,  which  one  hears 
everywhere,  of  a  scarcity  of  water  means  an  awakening  realization  of 
the  need  of  care,  and  is  thus  a  most  favorable  omen.  A  public  sentiment 
should  be  created  which  would  make  it  impossible  for  any  individual 
to  use  his  water  supplies  carelessly,  to  leave  artesian  wells  uncapped 
and  flowing  freely  when  the  water  is  not  needed,  or  to  use  upon  his 
soil  more  than  the  necessary  amount,  and  a  further  sentiment  should 
be  created  unfavorable  to  the  continued  sinking  of  wells  and  installa- 
tion of  plants.  This  is  much  more  difficult  to  create,  because  the  bring- 
ing of  more  acreage  under  cultivation  and  the  employment  of  capital 
and  labor  in  such  enterprises  are  regarded  as  general  contributioas 
to  the  prosperity  and  welfare  of  the  section,  and  are  welcomed  accord- 
ingly. If,  however,  it  is  clearly  understood  that  each  additional  plant 
thus  installed  is  to  a  degree  at  the  expense  of  those  already  in  exist- 
ence, since  it  contributes  to  the  rapidity  with  which  the  water  plane 
is  lowering  and  to  the  expense,  therefore,  of  lifting  irrigation  water, 
sentiment  will  change  in  this  matter  and  it  will  be  realized  that  it  i< 
better  to  protect  the  vested  interests  than  to  sacrifice  these  for  a  tem- 
porary increase  in  industrial  activity. 

In  a  region  where  underground  water  supplies  are  as  important  a^ 
here,  and  at  the  same  time  so  liable  to  unwise  overdevelopment,  it 
may  eventually  be  necessary  to  create  a  State  commission  with  power 
to  grant  or  to  refuse  to  grant  permits  for  drilling  wells  or  installing 
pumping  plants.  Individual  wishes  and  individual  needs  are  scarcely 
to  be  trusted  in  matters  which  so  vitally  affect  the  community  and 
the  State  at  large.  Especially  is  this  true  because  it  is  just  those  land- 
owners whose  wells  are  most  favorably  located  who,  having  an  abun- 
dance of  water  themselves,  do  not  realize  the  scarcit}^  at  other  points 
and  drain  away  the  water  most  rapidly  from  their  less  favorably 
situated  neighbors. 

INTERDEPBIS^DENCE  OF  WEIil^S. 

• 

In  general  each  well  in  the  coastal  plain,  whether  flowing  or  pumpcii. 
affects  every  other  well  in  the  same  region.  Widely  separated  i¥ell> 
will  not  have  a  measurable  effect  upon  one  another,  the  actual  effe<  t 
being  too  small  for  observation.  All  drain  from  a  common  soun-e. 
the  body  of  saturated  sands  and  gravels  which  underlie  the  wide  plain 
between  the  Puente  Hills  and  the  sea — and  whatever  reduces  the  amount 
of  water  in  that  bodv  of  alluvium  affects  all  wells  which  draw*  from  it. 

The  wells  on  the  lowest  ground  are  always  most  advantageotisly 
situated  when  the  source  of  water  is  common  to  all,  and  there  is  no 
impervious  obstruction  to  interfere  with  free  circulation.     These  lower 
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wells  affect  the  higher  ones  more  than  they  are  affected  by  them,  the 
mutual  effect  thus  differing  in  degree. 

In  the  artesian  area,  where  the  water,  in  its  slow  movement  toward 
the  nea,  has  passed  below  strata  of  nearly  impervious  clay,  strong  flows 
may  often  be  obtained  from  deeper  horizons  whose  confining  stratum 
extends  farther  inland  and  whos6  pressure  therefore  originates  at  a 
higher  point,  after  shallow  wells  have  ceased  to  flow.  The  yield  from 
i^iicha  deeper  well  will  usually  be  less  than  if  it  had  been  drilled  before 
thi?  shallow  well  failed,  because  its  pressure  has  also  been  affected  by 
the  general  lowering  of  the  water  plane;  hence  a  degree  of  interde- 
pendence exists  even  between  those  water  horizons  which  are  separated 
hv  clay  lenses. 

This  fact  of  interdependence  maj-  mean  that  users  of  underground 
waters  in  the  troastal  plain  region  are  rivals;  it  should  also  mean  that 
tbey  have  a  common  interest  in  preventing  waste  and  conserving  their 
supplies. 


COST  OF  WEI^IJ^. 

As  guides  to  the  cost  of  wells  the  following  tables  of  approximate 
charges  for  boring  have  l>een  prepared  troni  figures  furnished  by 
Messrs.  Cunningham,  Haines,  Schantz,  and  Burrows,  who  have  had 
much  experience  as  well  drillers  in  the  Santa  Ana  region.  The  figures 
given  by  responsible  drillers  accord  closely,  the  difference  being  due 
to  local  conditions  or  to  the  custom  in  one  neighborhood  of  making  an 
averse  estimate  for  a  numl»er  of  hundred  feet,  while  in  another  this 
average  may  be  split  up  into  specific  rates  for  integral  parts  of  the 
total. 

In  the  following  table  the  price  of  drilling  the  first  hundred  feet 
and  the  additional  price  for  each  50-foot  increase  in  depth  are  given 
for  the  diameters  generally  used  in  this  region: 
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Cost  of  drilling  wells. 


First  100  feet 

Additional  for  each 
50- foot  increase 


4  inch. 


90.30 
.25 


5  inch. 


Perft. 


0  inch. 


Perfo(^. 


.S0.30  ,S0.35to80.40 


.25 


.20to     .30 


7  inch. 

Per/oot. 
80.40 

.20  to    .35 


8  inch. 


9iinoh.        lOiD'ii. 


Prr/oot. 
|«0.40to$0.50 

.20to     .35 


Per  fool.         P^t/* 
90.60to«0.65  ,      «l>.v 


20to      .3b 


For  hydraulic  wells  the  charge  is  30  to  40  cents  per  foot,  the  diam- 
eter 2  to  4  inches  and  the  depth  usually  less  than  100  fe«t. 

The  Baker  Iron  Works,  of  Los  Angeles,  have  furnished  the  follow- 
ing general  price  per  foot  for  riveted  steel  casing  made  up  into  2-fooi 
joints-  of  the  sizes  and  gages  generally  used  for  wells.  Such  prices 
will  vary  with  the  steel  market,  so  that  constant  minor  departure.^ 
from  them  are  to  be  expected. 


Cod  of  we 

Price  per 
foot. 

'U  camng. 

1 
Diameter. 

Inches. 

1 

Gage. 

Diameter. 

Gage. 

Price  per 
foot. 

Inches. 

4 

16 

^0.  32 

91 

14 

$0.75 

4 

14 

.38 

9i 

12 

.94 

5 

16 

.a5 

10 

16 

.68 

5 

14 

.43 

10 

14 

.78 

6 

16 

.42 

10 

12 

.98 

6 

14 

.60 

12 

14 

.80 

7 

16 

.48 

12 

12 

1.10 

7 

14 

.55 

12 

10 

1.40 

8 

16 

.55     , 

14 

12 

1.30 

8 

14 

.64 

14 

10 

1.55 

8 

12 

.78 

16 

12 

1.55 

9i 

16 

.65 

16 

1 

10 

1.70 

For  riveting  starters  the  charges  are  from  20  to  25  cents  per  foot 
extra. 

Rings  range  through  about  the  following  prices:     • 

Cosl  of  rings, 

4  inch f  2.  7^ 

5  inch * 3.  o*» 

6  inch 4,U» 

7  inch 5.^W 

8  inch 6.^ 

9  inch 7.00 

10  inch 10.  (X> 

12  inch 12.0i> 

14  inch 17.0i» 

16  inch 20.  W 
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In  the  artesian  belt  hvdniulic  wells  of  2  or  3  inch  diameter  are  often 
put  down,  and  the  stanaard  pipes. for  these  cost,  respectively,  15  and 
25  cents  each  per  foot. 

DESCRIPTION  OF  MAPS  AND  TAIII^ES. 

The  maps  presented  with  this  report  show  (a)  the  areas  irrigated  in 
the  spring  of  1904,  when  the  field  work  was  done  (Pis.  II,  III),  (i)  the 
pumping  plants  and  distributing  S3'stems  by  which  the  water  is  secured 
and  conducted  to  the  land  where  it  is  used  (Pis.  II,  III),  (c)  the 
areas  of  artesian  water-bearing  land  at  the  beginning  of  1904,  and 
the  original  artesian  area  (Pis.  VI,  VII),  (d)  the  zones  of  relative 
alkalinity  in  the  underground  waters  (tig.  6),  and  (e)  the  elevation  of  the 
planes  of  saturation  outside  of  the  present  artesian  belt  (Pis.  VI,  VII). 
Where  the  data  are  sufficient  the  elevation  of  the  plane  of  saturation 
is  shown  by  means  of  contours.  The  elevations  used  in  determining 
the  position  of  this  plane  are  those  furnished  by  the  topographic  sheets, 
which  serve  as  bases  for  the  maps.  It  is  to  be  regretted  that  these 
elevations  are  somewhat  inaccurate,  as  the  sheets  were  prepared  ten 
years  ago,  before  modern  refined  topographic  methods  were  in  vogue; 
hence  the  hydrographic  contours  themselves  are  not  exact  as  to 
absolute  elevations.  However,  they  are  believed  to  show,  with  fair 
accuracy,  the  relation  of  the  water  level  to  the  topographic  contours 
as  the  latter  are  dmwn.  This  is  the  essential  thing,  since  it  enables 
the  user  of  the  maps  to  tell  the  distance  to  the  water  plane  by  tlje 
difference  between  the  elevations  shown  by  the  two  sets  of  contours. 
Another  matter  for  regret  is  that  these  contoiu's  have  but  an  ephemeral 
value  as  practical  guides  in  developing  water.  With  the  water  plane 
lowering  at  a  rate  of  from  0  to  5  feet  per  year,  the  depth  to  it,  as 
recorded  by  these  maps,  will  soon  cease  to  be  correct.  But  as  records 
of  the  position  of  the  water  plane  in  the  early  part  of  the  year  1904, 
they  will  always  have  interest  and  will  serve  as  a  basis  for  comparison 
in  later  years. 

On  the  mesa  lands,  and  in  areas  generally  where  the  wells  are  few 
and  the  water  plane  is  irregular,  sufficient  data  do  not  exist  to  show  its 
position  by  contour.  In  these  cases  the  water  elevations  at  the  indi- 
vidual wells  visited  are  shown  in  purple-blue  figures,  the  positions  of 
the  wells  in  the  same  color,  and  the  numbers  of  the  wells  in  black. 

From  the  determinations,  by  means  of  the  electrolytic  bridge,  of  the 
amounts  of  salts  carried  in  solution  in  the  waters,  a  map  (fig.  6)  has 
been  prepared  upon  which  waters  with  equal  mineral  contents  are 
grouped  in  zones.  The  boundaries  separating  these  zones  are  not 
sharp,  but  the  grouping  brings  out  the  general  fact  that  in  the  vicinity 
of  the  bed-rock  hills  of  Tertiary  shale  and  sandstone,  which  are  impreg- 
nated with  alkaline  salts,  the  ground  waters  are  distincth'  more  alka- 
line than  at  a  greater  distance,  where  they  are  derived  chiefly  from 
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the  Hoods  of  the  larger  streams.  The  purer  waters  of  the  JowUnds. 
too,  make  distinct  bays  in  the  less  pure  hill  waters,  and  the  position  uf 
these  bays  is  so  related  to  the  surface  channels  of  Santa  Ana  River  ani 
Santiago  Creek  as  to  surest  that  they  mark  the  position  of  the  iu(i-i 
rapid  undei^round  percolation  from  theae  streams,  aa  sources,  toward 
the  artesian  areas  below. 

.  On  the  maps  showing  the  wells  (Pis.  VI,  VII),  those  tliat  were  flow 
ing  at  the  time  the  field  work  was  done  are  given  a  distinctive  syiiilml, 
as  are  those  on  which  pumping  plants  are  installed,  when  the  water 


dI  the  cunalnl  ptaln  of 

thus  pumped  is  used  in  irrigation.  The  flowing  wells  will  rapidly 
decrease  for  a  time  in  number  and  yield,  it  is  expected,  and  the  pump- 
ing plants  are  increasing  in  number  with  equal  rapidity. 

Each  well  is  numbered  on  the  map,  and  in  the  tables  the  es.-^enttal 
facts  concerning  it  are  given  under  the  same  number.  Where  it 
has  been  possible  to  secure  definite  data,  the  cost  of  the  well  and  of 
the  machinery  is  given. 
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Where  wells  were  flowing  or  pumped  and  were  accessible  for 
measurement,  the  yield  is  given  in  the  table;  in  other  cases,  where  it 
was  not  possible  to  make  independent  determinations,  statements  of 
operators  of  pumping  plants  were  taken. 

The  approximate  proportion  of  salts  in  the  water — that  is,  its  alkalin- 
ity— was  determined  by  the  electrolytic  bridge  and  the  result  appears  in 
one  of  the  columns.  These  results  have  also  been  generalized  in  the 
map  (fig.  6)  already  referred  to.  In  most  cases  they  should  be  cor- 
rect within  three  or  four  parts  per  100,000;  greater  refinement  is  not 
possible  with  the  rapid  methods  used.  All  the  deep  wells  in  the  area 
furnish  excellent  potable  waters,  and  of  course  they  are  thoroughly 
safe  for  irrigation.  An  occasional  shallow  well  shows  a  much  higher 
degree  of  alkalinity,  due  probably  to  a  soui*ce  too  near  the  surface  in 
alkaline  soils.  Near  the  coast,  also,  some  wells  are  quite  brackish,  and 
generally  the  mesa  waters,  and  those  nearer  the  foothills,  composed 
of  alkali-bearing  rocks,  show  the  effects  of  their  environment. 

Under  the  heading  "  Map  location,"  a  letter  and  a  number  appear. 
The  map  has  been  divided  into  rectangles  which  are  lettered  horizon  • 
tally  and  numbered  vertically.  This  column  tells  at  once  in  which  of 
the  rectangles  the  well  is  to  be  sought,  and  enables  any  number  on 
the  map  to  be  readily  found.  The  other  columns  in  the  table  are  self- 
explanatory. 
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PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 

[Water-Supply  Paper  No.  137.] 

The  serial  publications  of  the  United  States  Geological  Survey  consist  of  (1)  Annual 
Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
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sulted by  those  interested. 
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WS  112.  Underflow  ieuls  in  the  drainage  basin  of  Los  Angeles  River,  by  Homer  Hamlin.    lyiM. 

55  pp.,  7  pis. 
WS  114.  Underground   waters  of  eastern  United  States;  M.  L.  Fuller,  geologist  in   charge.    I^M 
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WS  123.  Geology  and  underground  water  conditions  of  the  Jornada  del  Muerto,  New  Mexico,  by  (*.  R. 
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